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PREFACE. 


THERE  is  at  present  no  sanitary  subject  of  more  general 
interest,  or  attracting  more  general  attention,  than  that 
relating  to  the  abundance  and  wholesomeness  of  domestic  water 
supplies. 

Each  citizen  of  a  densely  populated  municipality  must  of 
necessity  be  personally  interested  in  either  its  physiological  or 
its  financial  bearing,  or  in  both.  Each  closely  settled  town  and 
city  must  give  the  subject  earnest  consideration  early  in  its  ex- 
istence. 

At  the  close  of  the  year  1875,  fifty  of  the  chief  cities  of  the 
American  Union  had  provided  themselves  with  public  water  sup- 
plies at  an  aggregate  cost  of  not  less  than  ninety-five  million 
dollurs,  and  two  hundred  and  fifty  lesser  cities  and  towns  were 
also  provided  with  liberal  public  water  supplies  at  an  aggregate 
cost  of  not  less  than  fifty-five  million  dollars. 

The  amount  of  capital  annually  invested  in  newly  inaugurated 
water-works  is  already  a  large  sum,  and  is  increasing,  yet  the 
entire  American  literature  relating  to  water-supply  engineering 
exists,  as  yet,  almost  wholly  in  reports  upon  indiWdual  works, 
usually  in  pamphlet  form,  and  accessible  each  to  but  compara- 
tively few  of  those  especially  interested  in  the  subject 

Scores  of  municipal  water  commissions  receive  appointment 
each  year  in  the  growing  young  cities  of  the  Union,  who  have  to 
inform  themselves,  and  pass  judgment  upon,  sources  and  systems 
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of  water  supply^  which  are  to  become  helpful  or  burdensome  to 
the  commiinities  they  are  intended  to  encourage  accordingly  as 
the  works  prove  sueoessful  or  partially  faihires. 

The  individual  members  of  these  *' Boards  of  Water  Gommia- 
sionera/'  resident  in  towns  where  water  supplies  upon  an  extended 
scale  are  not  in  operation,  have  rarely  bad  opportunity  to  obsenre 
and  become  familiar  with  the  Taried  practical  det^ls  and  appa- 
ratus of  a  water  supply,  or  to  acquaint  themselves  with  even  the 
elementary  principles  governing  the  design  of  the  several  ditferent 
systems  of  supply,  or  reasons  why  one  system  is  most  advanta- 
geous under  one  set  of  local  circumstances  and  another  system 
is  sujieriur  and  preferable  under  other  circumstances* 

A  nunierouB  baud  of  engineering  students  are  graduated  each 
year  and  enter  the  fields  many  of  whom  choose  the  specialty 
hydraidimy  and  soon  discover  that  their  chosen  science  is  gmi 
among  (he  most  noble  of  the  sciences,  and  that  its  mastery, 
tlieory  and  piuctice,  is  a  work  of  many  years  of  studious  acqui 
ment  and  labor.  They  discover  also  that  the  accessible  literatu 
of  their  profession,  in  the  English  language,  is  intended  for  the 
class-room  rather  tliati  the  tieldt  and  tliat  its  formulfc  are  based 
cliiefly  upcin  very  limited  pliilosoithical  experiments  of  a  century 
and  more  ago  but  partially  applicable  to  the  extended  range  of 
modern  practice. 

Among  the  objects  of  the  author  in  the  compilation  of  th< 
following  pioneer  trea,tise  upon  Americtm  Water-works  are, 
supply  water-eommissionera  with  a  general  review  of  the  besi 
methods  practii^ed  in  suppljing  towns  and  cities  with  water,  and 
with  facts  and  suggestions  that  will  enable  them  to  compare  in- 
teUigently  the  merits  and  objectionable  features  of  the  ditferent 
potable  water  sources  within  their  r^acb  ;  to  present  to  junior  an*! 
assistant  hydraulic  engineers  a  condensed  summary  of  those  ele- 
mentary theoretical  principles  and  the  involved  formulas  adapted 
to  modem  practice,  w^hieh  they  will  have  fretjuently  to  apply» 
together  with  some  useful  practical  observations ;  to  constnict 
and  gather,  for  the  convenience  of  the  older  busy  practitionera^ 
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'Atimeroas  tables  and  statistics   that  will  facilitate  their  caleula^, 
tionBy  some  of  which  would  otherwise  cogt  them,  in  the  midst  of 
preegiug  labors,  aa  they  did  the  author,  a  great  deal  of  laborioua 
ns^urch  among  rave  and  not  eai?ily  procunible  scientific  treatist^s  J 
and  abo  to  present  to  civil  engineera  generally  a  concise  reference' 
manaa}*  relating  to  the  hydrology,  hydrodjiiumics,  and  practical 
oonfitmction  of  the  watijr-supply  branch  of  their  profession. 

Til  is  work  is  intended  rai»re  especially  for  those  who  have" 
already  hatl  a  ta^k  assigned  them,  and   who,  m  conimisdoner,j 
engineer,  or  assistant,  are  to  proceed  at  once  upon  their  recon- 
nol8sanc*6  and  surveys,  and  the  preparation  of  plans  for  a  public 
water  «nppjy.    To  them  it  is  humbly  Bubraitted,  with  the  hoi)e 
that  it  will  prove  in  some  degree  useful     Its  aim  is  to  develop 
llie  ba60s  and  principles  of  constniction,  rather  than  Ut  trace  the 
origin  of^  or  to  de8cril>e  individual  works.     It  ifi,  therefore,  pr 
licat  in  text,  illustration,  and  arraugenient :  but  it  is  liojxd  that' 
tlio  earnest,  active  young  workei-s  will  find  it  in  sympathy  with, 
llieir  mood*  and  a  practical  introduction^  as  welb  tx)  more  pro«| 
found  and  elegant  treatises  that  unfold  the  highest  delights  of  the 
acience. 

(inod  design,  which  is  invariably  founded  npou  sound  matlie- 
tuatical  and  mechanical  theory,  is  a  first  re<|uisite  for  good  and 
judicious  {»ractical  engineering  construction.     We  present  ther 
fore,  the  formulie,  many  of  them  new,  which  theory  and  practical'l 
experiments  suggest  as  aids  to  preliminary  studies   for  designs^! 
and  many  tables  based  upon  the  formulas,  which  will  facilitate  tbel 
labofi  of  the  designer,  and  be  useful  aj9  checks  against  his  own  com^ 
putarions.  and  we  give  in  addition  such  discussions  of  the  elemen- 
tury  principles  upon  which  the  theories  are  founded  as  will  unable j 
the  student  to  trac^e  the  origin  of  each  formula ;  for  a  formula 
oftitn  a  treacherous  guide  unless  each  uf  its  factors  and  eiperieuc 
ccieflicients  are  well  understood.     To  this  end,  the  theoretical  dig 
g^uasioQd  are  in  familiar  language,  and  the  formulas  in  simple  ar- 
fmiigeinent»  m  that  a  knowledge  of  elementary  mathematics  only 
if  neoedsary  to  read  and  use  them* 
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A     NEW    chapter    has    been    inserted    in    this    Fifth 
Edition   relating    to  Tank    Stand-Pipes.      Several 
new    tables,   new    fonnulas,   new    illustrations,   and    new 
full-page  plates  have  been  inserted. 

In  this  revision,  so  much  new  matter  has  been 
added  in  various  portions  ot  the  book  that  the  entire 
work  has  been  re-indexed. 

J.  T.  F. 

Minneapolis,  Minn., 
March,  1886. 
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CHAPTER  I. 

INTRODUCTORT. 

1.  Necessity  of  Public  Water  Supplies-— A  new  or 

i  additional  water  supply  is  an  inevitable  necessity  when- 
ever and  wherever  a  new  settlement  establishes  itself  in  an 
isolated  piisition;  again  whenever  the  settlement  receives 
any  considerable  increase ;  and  again  when  it  becomes  a 
great  !netix>polis  or  nianalacturing  centit\ 

In  all  the  wonderful  and  complex  transfomiations  in 
Nature,  in  the  s^UBtenance  of  all  organized  beings,  and  in 
the  convenience  and  delight  of  man,  water  is  appointed  to 
perform  an  important  and  essential  part. 

Life  cannot  long  exist  in  either  plant  or  animal,  unless 

BT^  in  some  of  its  forms,  is  provided  in  due  quantity. 

Wholesome  water  is  indispensable  in  the  preparation  of 
all  our  foods ;  clear  and  soft  water  is  essential  for  proniot- 
lag  the  cleanliness  and  health  of  our  bodies ;  and  pure 
water  is  demanded  for  a  great  variety  of  the  operations  of 
the  useful  and  mechanic  arts. 

2.  Phy»ioliig:icul   Office  of  Water.  —  Of  the  three 
^tials  to  human  life,  air,  watery  and  food^  the  one  now 
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to  be  specially  considered,  wateVy  has  for  its  physiological 
office  to  maintain  all  the  tissues  of  the  body  in  healthy 
action.  | 

If  the  water  received  into  the  system  is  unfit  for  such 
'  special  duty,  all  the  animal  functions  suffer  and  are  weak- 
ened, air  then  but  partially  clarities  the  blood,  food  then  is 
imperfectly  assimilated,  and  the  body  degenerates. 

Vigor  is  essential  to  the  uniform  success  and  happiness 
Lcf  every  individual,  and  strength  and  happiness  of  the 
people  are  essential  to  good  public  morals,  good  public 
government,  and  sound  public  prosperity. 

Sanitary  improvements  are,  therefore,  among  the  first 
and  chief  duties  of  public  officers  and  guardians,  and  have 
ever  been  the  objecta  of  the  most  earnest  thought  and  labor 
of  great  public  pliilanthropists. 

3.  Sanitary  Office  of  Public  Water  SiippUes.— 
Water  lias  thus  far  pn)ved  the  most  effectual  and  econom- 
ical agent,  as  sanitary  scavenger,  in  the  removal  from  our 
habitations  of  waste  slops  and  sewage,  and  also  the  most 
effectual  ^  and  economical  agency  in  the  protection  of  life 
and  property  from  destruction  by  fire. 

The  necessity  of  a  judiciously  executed  system  of  public 
water-supply  increases  as  the  |Kjpulation  of  a  town  Increases; 
as  the  mass  of  buildings  thickens ;  as  the  lands  upon  which 
the  town  is  built  become  saturated  with  sewage,  and  the 
individual  sources  within  the  town  are  polluted;  as  the 
atmosphere  over  and  within  the  town  is  fouled  by  gases 

*  We  npcd  refer  to  \mt  one  of  manj  experiencefl,  vk, :  At  Columbus, 
Ohio^  the  average  loae  bj  Bre  for  the  four  jefire  precedlnf^  the  completion  of 
the  public  water-works  wa»  ff^  of  one  per  cent,  of  the  valuation.  The  average 
rlofis  during:  the  first  four  yetars  after  the  completion  of  the  workfl  wiA  ^f^^  and 
iurinjr  the  fifth  year,  fmm  April  I,  1875.  to  April  1,  1876,  was  ^  of  the  valu- 
ation. Thesp  statistics  »«1iowa  pn>bab1e  saving  in  the  first  fonr  years  of  upward 
of  one-half  millioa  dollars,  and  in  five  jears  of  more  than  the  entire  cost  of  iho_ 
water-worlLA. 
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arising  therefrom  ;  and  as  tlie  dangers  of  epidemics,  fevers, 
and  contagious  diseases  increase, 

4,  Helpful  Iiilliieiice  of  Public  Water  Supplier. — 
No  town  or  city  can  submit  to  a  continued  want  of  an 
adequate  supply  of  pure  and  wholesome  water  without  a 
serious  check  in  its  prosi>erity. 

Capital  is  always  wary  of  investment  where  the  elements 
of  safety  and  health  are  lacking,  and  industry  dreads  fre- 
quent failures  and  objectionable  quality  in  its  water  supply. 

It  is  true  that  ronsiderations  uf  profit  sometimes  induce 
I  the  assembling  of  a  town  where  potable  waters  are  procur- 
^nUi)le  wiOi  difficulty,  but  in  such  cases  the  lack  is  sure  to 
prove  a  growing  hindrance  to  its  prosperity,  and  before  the 
town  arrives  at  considerable  magnitude,  its  remedy  will 
l»n^sent  one  of  the  most  difficult  problems  with  which  its 
municipal  authorities  are  obliged  to  cojie. 

In  the  exi)erience  of  all  laige  and  tliriving  cities,  there 
has  come  a  time  when  an  additional  or  new  and  abundant 
water  supply  was  a  necessity,  terribly  real,  that  would  n<tt 
be  talkt^  down,  or  resolved  out  of  existence  by  public 
meetings,  or  wait  for  a  more  convenient  season;  a  time 
when  it  was  not  possible  for  every  citizen  to  supply  his 
houdehold  or  his  place  of  business  independently,  or  even 
for  a  majority  of  the  citizens  to  do  so,  and  when  prompt, 
unitinl,  and  systematic  action  must  be  taken  to  ensum  tlie 
health,  prosperity,  and  safety  of  the  people.  Such  stern 
naceeisity  often  appears  to  present  difficulties  almost  insur- 
mountable by  the  available  mechanical  and  financial  re- 
sources of  the  citizens. 

Out  of  such  simple  but  positive  necessities  have  grown 

th*»  grandest  illustrations,  in  our  great  public  water  sup* 

plies,  of  the  benefits  of  co-operative  action,  recorded  in  the 

fi  of  political  economy.     Out  of  such  simple  necessi- 
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ties  grew  some  of  the  most  magDificent  and  enduring  con- 
structions of  the  powerful  empires  of  the  Middle  Ages,  the 
architectural  grandeur  of  which  the  modems  have  not 
attempted  to  surpass.  ■ 

5,  Municipal  Control  of  Public  Water  Supplier. 
— ^The  magnitude  of  the  labors  to  be  performed  and  the  __ 
amount  of  capital  required  to  be  invested  in  the  construe-  f 
tion  of  a  system  of  water  supplies  invariably  brings  into 
prominence  the  question,  Sliull  the  construction,  operation, 
and  control  of  these  works  be  entrusted  to  private  cajutal, 
or  shall  they  be  executed  under  the  patronage  of  the  nuini- 
cipal  authorities  and  under  the  direction  of  a  commission  f 
delegated  by  the  people?    The  conclusion  reached  in  a 

P  majority  of  the  American  cities  has  been  that  the  works  M 
<*nglit  to  be  conducted  as  public  enterprises.  Tliey  have  I 
been  believed  to  be  so  intimately  connected  with  the  public  f 
Interests  and  welfare  as  to  be  peculiarly  subjects  for  pub- 
lic promotion ;  and  that,  under  the  direction  of  a  commis- 
sion appointed  by  the  people  to  study  and  comprehend  all 
their  needs,  to  consider,  with  the  aid  of  expert  advice,  and 
to  suggest  plans,  the  works  would  be  projected  on  such  a 
liberal  and  comprehensive  scale  as  would  best  fulfil  the 
objects  desired  to  be  attained,  and  that  the  true  interests  of 
the  people  would  not  be  subordinated  to  mere  considera- 
tioas  of  profit. 

Further,  that  if  the  works  when  complete  were  operated 
under  municipal  care,  their  standard  and  effectiveness  would 
raoi*e  ceriainly  be  maintained;  their  extension  into  new 
territory  might  keep  pace  with  and  encourage  the  growth 
of  the  city  ;  they  might  not,  by  excessive  rates,  be  made  to 
oppress  important  industries  ;  their  advantages  might  more 
surely  be  kept  within  the  reach  of  the  poorer  classes  ;  they 
might  more  economically  be  applied  to  the  adornment  of 
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the  public  biiildings  and  grotinds ;  and  Uiat  they  might, 
wlien  judiciously  planned,  constructed,  and  managed,  be- 
come a  source  of  public  revenue. 

Nearly  all  the  objecta  desirable  to  be  attained  in  a  pub- 
lic water  supply  have,  however,  been  accomplished,  in 
numerous  instances  that  might  be  cited,  under  the  auspices 
of  private  enterprise. 

<k  Value  as  an  Investment.— The  necessary  capital 
honestly  applied  to  the  constiniction  of  an  intelligently  and 
judiciously  planned  effective  public  water  supply  has 
almost  invariably  proved,  botli  directly  and  indirectly,  a 
remunerative  investment 

Many,  though  not  all,  of  our  American  Water-supply 
Reports,  show  annual  incomes  from  water-rates  in  excess 
of  the  combined  annual  operating  expenses  and  interest  on 
the  capital  expended.  In  addition  to  this  cash  retain,  there 
lie  in  all  cases  benefits  accruing  to  the  public,  usually 
exceeding  in  real  value  that  of  the  more  generally  recog- 
nized  money  income. 

7»  Iiieidental  Aclvaiitages.— The  construction  of  water- 
works is  almost  sure  to  enhance  the  value  of  property  along 
its  lines,  under  its  protection,  and  availing  of  its  conve- 
niences.   There  is,  also,  a  perpetual  reduction^  in  the 

♦  la  •  fcoemtly  adopted  echedule  of  the  National  Board  of  Underwriters, 
tliete  aK  odditionB  to  a  minimuin  tt4tndard  rate  lu  a  standard  city,  wliicli  is 
pimrMed  with  good  water  aupplv.  fire  alarm,  police,  et^.,  as  follows,  termed 
defidencj  cliarg'es : 

Minim  am  standard  rate  of  insurance  of  a  standard  buildings ,     25  cents. 

If  no  water  supply add    15    '* 

If  oolf  cifltems,  or  equiiralent - "       10    " 

If  wjwtem  ia  othpr  than  gravity "       05    " 

If  no  fire  department , » , ,  - , , "       25    ** 

If  no  police  organisation *........ **       05    " 

If  no  tmllding  law  in  force, "       05    " 

Th»  Hiuuieial  valuti  of  the  enhanced  fire  risik.aa  deduced  bTthe  Boaid  from 
ftt  iinitieiiBe  niaaa  of  Btatistlca,  and  the  additional  premium  charged  on  the 
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yearly  rates  of  insiirance.  The  substitution  of  soft  water 
for  hard  water,  as  almost  all  waters  are,  resnlts  in  a  mate- 
rial reduction  in  the  daily  waste  accompanying  the  prepa- 
ration of  foods,  in  laundry  and  cleansing  operations,  in  the 
production  of  steam  power,  and  in  many  of  the  processes 
employed  in  the  useful  arts. 

There  are  many  industries,  the  introduction  of  which  are 
of  value  to  a  community,  that  cannot  be  prosecuted  with- 
out the  use  of  tolerably  pure  and  soft  water.  To  save  the 
annual  aggregate  of  labor  required  to  convey  water  from 
wells  into  and  to  the  upper  floors  of  city  tenements  or  resi- 
dences, is  a  matter  of  no  inconsiderable  importance ;  but 
paramount  to  all  these  is  the  value  of  the  sanitary  results 
growing  out  of  the  maintenance  of  health,  and  the  induce- 
ment to  cleanliness  of  ])erson  and  habitation,  by  the  con- 
venience of  an  abundance  of  water  delivered  constantly  in 
the  household,  and  the  enhanced  safety  to  human  life  and 
to  property  firom  destroying  flamesv  accompanying  a  liberal 
iUstribution  of  public  fire  hydrants  under  adequate  pressure 
throughout  the  populous  districts^ 

bplvi  6fcw><«bt«  bail^iiB^  tt»  lfl>  pipr  omil  witfaoas  good  vater-wodca^  and  40  pei 
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&  StatlBtic^  of  Water  Sui>pUed.— One  of  the  first 
duties  of  a  iJommissioB  to  whom  has  been  assigned  the 
task  of  examining  into  and  reporting  open  a  proposed 
ipply  of  water  for  a  community,  is  to  determine  not  only 
rliat  is  a  wholesome  water,  but  what  quantity  of  such 
wholesome  water  will  be  required,  and  adequate  for  its 
present  and  prospective  uses. 

In  many  cases,  tliis  problem  is  parallel  with  the  deter- 
mination of  a  product  from  two  factors,  one  of  which  only 
is  a  known  quantity.    Often  all  factoi-s  must  be  assumed. 

The  total  number  of  inhabitants,  the  total  number  of 
dwellings^  and  tlie  total  number  of  manufacturing  and 
>mmercial  firnis  can  be  ol»tained  witliout  great  difflculty, 
id  it  can  safely  be  assumed  that  eighty  j>er  cent,  of  all 
these  witliin  reach  of  a  new  and  improved  water  supply 
will  be  among  its  patrons  within  a  few  years  after  the  intro- 
duction of  the  new  supply ;  but  how  much  water  wCl  bo 
required  for  actual  use,  or  will  be  wasted,  per  person,  per 
dwell  Uig,  or  per  tirm,  is  always  quite  unceitain. 

Rarely  can  any  data  worthy  of  confidence  respecting 
tlicse  quantities  be  obtained.  The  practice,  therefore,  gen- 
erally is,  to  obtain  statistics  from  towns  and  cities  alrt^ady 
lupplied,  and  to  attempt  to  reduce  these  to  some  general 
iverage  that  will  apply  to  tlie  case  in  hand. 

9#  CciiftUH  HtatiBtieH. — In  a  small  portion  of  the  water- 
ipply  reports  there  is  given,  in  addition  to  the  total  quan* 
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tity  of  water  supplied,  the  numbtT  of  families  supplied  ;  in 
other  reports,  the  number  of  dwelUngs,  or  the  number  of 
fixtures  of  the  several  classes  supplied,  and  occasionally 
the  population  supplied,  or  the  total  poijulatiou  of  the 
muuieipality. 

Id  the  investigations  for  facts  applicable  to  a  new  sup- 
ply, when  information  must  necessarily  be  culled  from 
various  water  reports,  it  is  often  desimble  to  know  the 
|)oj)nlatioB9  of  the  places  from  which  the  reports  are  re- 
e<nved,  their  number  of  families,  persons  to  a  family,  num- 
ber of  dwellings  and  persons  to  a  dwelling,  so  as  to  l)e  able 
to  reduce  their  water-supply  data  to  a  uniform  classifica- 
tion. We  tlierefore  present  an  abstract  from  the  Unittni 
States  Census  for  the  year  1870,  giving  such  information 
respecting  fifty  prominent  American  cities,  and  similar  data 
in  table  No.  la,  for  the  year  1880. 


TABLE     No^     1. 
PopuiJiTiON,  Families,  and  Dwellings  m  Fifty  American  Cities 

IN   THE   YEAR    1870. 


Sub.* 

20 

6 

7 

3 

It 

3i 
26 

47 

PorULATION* 

FUITUCS. 

CITIES. 

Number. 

Penoos 

10  a 
f«iiilly. 

Person* 
Numbtr.       i  >  a 

dwelling 

Albanv.  N.  Y 

69,422 

53*  "So 
267,354 
250.526 
596,099 

it7JH 

39.634 

48,956 

28,323 

298.977 

216,239 

14.105 

10,147 

49,929 

48,188 

80,066 

22.325 

7397 

9.098 

6,155 

59.497 
42»937 

4.92 
5-24 
S-3S 

5-20 

4-95 
5-^7 
5.02 

5.38 
4.60 

S-03 
5-04 

8,748         7.94 

Allegheny,  Penn 

Baltimore,  Md* .    

Boston,  Mass 

Brooklyn,  N.  Y 

Buffalo.  N.  Y 

8.347       6,37 

40,350         6.63 
29,623         8.46 
45,834         8.64 
18,285        6.44 

Cambridge,  Mass 

Charleston,  S.  C. . . . . . 

Charlestown,  Mass . , .  - 
C^hicap'o    III    *  .  *  . 

6,348 
6.861 

4.396 
44,620 

24.550  1 

6.24 

714 

6,44 
6,70 

Cincinnati,  Ohio 

8.81 

*  This  eolutiui  expTvesee  the  order  of  etee  as  mtmbered  frora  lArgQet  ta 
smallest ;  N*w  York,  the  largevt,  being  iitimben*d  L 
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>FULATioN,  Etc.,  in  Fifty  American  Cities — {Continued ), 


CITIES, 


I 


Cleveland^  Ohio  . .  .  - 
Columbus,  Ohio  • .  • . 

Dayton,  Ohio 

Detroit,  Michigan.,. 
Fall  River,  Mass,. . . 
Hartford,  Conn, .  .  . . 
Indianapolis,  Ind. . . 

Jersey  City,  N.  J 

Kansas  Cit)\  Mo.. .  . 
1  .  Mass, . . . 

1  Ky 

Lowell,  M4SS. 

Lynn,  Mass  . , . 

Memphis,  Tenn 

Milwaukee,  Wis,,. ., 

Mobile,  Ala 

Newark,  N.J 

New  Haven,  Conn.  • 
New  Orleans,  La. . . . 
New  York,  N.  Y. .  _ 

V  X.J 

i  lia,  Pa 

Pitubu:-,  Pa.  .... . 

Portland,  Me 

Providi^nce,  R.  I 

Readini:.  Pa 

l:  Ya.,..,. 

k  ,  N.  Y  ,., 

San  I*  rancisco,  Cal , . 

Savannah,  Ga 

Scranton,  Pa 

St.  Louis,  Mo 

Syracuse,  N,  Y 

Toledo,  Ohio 

TfW.N,  Y 

r  '  Y 

V  n,  D.  C. 

V  fi,  Del 

V  .  Mass 


Size. 

P0WILAT10K. 

IS 

92329 

4^ 

31.274 

44 

30,473 

i8 

79'577 

50 

26,766 

34 

37»>^o 

27 

48^244 

17 

82,546 

38 

32,260 

45 

28,921 

H 

100,753 

3» 

40,928 

49 

28,233 

32 

40,226 

19 

71,440 

39 

32,034 

13 

»o5»o59 

25 

50,840 

9 

1911418 

X 

942,292 

37 

33»579 

2 

674,022 

16 

86,076  1 

4« 

31*413  ' 

21 

68,904 

36 

33*930 

24 

51*038 

22 

62,386 

10 

149*473 

4» 

28,235 

35 

35*092 

4 

310,864 

29 

43*051 

40 

31.5S4 

28 

46,465 

46 

28,804 

12 

109,199 

43 

30,841 

30 

41,105 

FAUtTUB 


Dw«LLIKG!b 


Persons 
Number.       to « 


18,411 

5*790 
6,109 

15*636 
5,216 

7,427 

9,200 

16,687 

5.585 
5*287 

19,177 
7,649 
6,100 
7,824 

14,226 
6,301 

21,631 

10,482 

39*i3'J 

185,789 

7,048 

127,746 

16,182 

6,632 

H,77S 
6.932 
9*792 

12,213 

30,553 
5*013 
6,642 

59*431 
8,677 

6,457 
9*302 

5J93 

21,343 

S»8o8 

8,658 


5-04 
540 

4.99 
S-09 
5. 13 
S*oi 
5.24 
4.95 
5.78 
5*47 
5.25 
5^35 
4.63 

5.14 
5*02 
5.08 
4.^6 

4.85 
4.89 
5*07 
4.76 
5.28 
5.32 
4.74 
4.66 
4.89 
521 

5.11 
4.89 

563 

5-28 

523 

4.96 
4.89 
5.00 

4.97 

5.12 

4.74 


Number, 


FerKtns 

(Oft 

dwelling 


16,692 

5»oii 

5.611 

14,688 

2,687 
6,688 
7,820 
9,867 
5.424 

3.443 

14,670 
6,362 
4.625 
6,408 

13.048 
5*738 

14,350 
8,100 

33*656 

64,044 

4,653 
112,366 
14,224 
4,836 
9,227 
6,294 

8,033 
1 1,649 

25*905 
4,561 
5*646 

39.675 

7,088 

6,069 
5*893 
4,799 

19.545 
5.398 
4,922 


S.56 
6.24 

5-43 
5-42 
9.96 

556 
6.17 

8.37 
5  95 
8.40 
6.87 

6.43 
6.10 

6.28 
5-48 
5.58 
7-32 
6.28 

5-69 
14.72 
7.22 
6.01 
6,05 
6.50 
7.46 
539 
6.35 
5-36 

5-77 
6.19 
6.21 
7.84 
6,07 
5.20 
7,88 
6.00 
5-59 
5-7' 
8.35 


%^ 
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crr:» 


icBr.      ?wTC-rTJ» 


AJ»>*»^,  W W 

>%Ji*:|fiy«i7.  J'* ^3 

KM'4U^:»,  ^^    ; ♦? 

AM*/yffi,  N.y ft4 

Aujiftj^tii,  r>ai. 56 

\U\Utu'rtK.  M4 7 

If^yCiiy,  Mi';h 75 

tit/%u/i$,  Ma** 5 

tU i*ilC*:i/'jtt,  Conu, , .  71 

Hr'y/klyn,  N,  Y 3 

HijfMo,  N.  V 13 

^'nmf/ri'lK'^.  Ma»*,. .  31 

C.MrrMl'ri,  S.  ) 44 

('lMrli-*lori,  S.  (' 36 

ChrUr;!.  MaM 88 

C^lilniKo,  111 4 

rim  MiiiJitl,  Ohio 8 

(  livi'liitHl,  Ohio II 

CfiliiiiilMiv,  Ohio  ....  33 

c!(ivlnKl(*ii,  Ky (>$ 

DiivtMipiMi,  towu. ...  87 

hmiiiii.  Ohio 47 

Ih'iiviM.  Col SO 

hi««  Miiliioit,  towd.. .  Ho 

thMKiii,  Miih iH 

\)\\h\\  |Ui*.  towrt Hi 

Miril.rlh.  N.  I (H, 

Miuhii.  N.  Y t)7 

I' I  If,  \\\ 7«^ 

I^XiO^'iNlIU*,  U\\\ (yf^ 

IaU  Uhoi.  Mt««H.. . .  :)7 

\\\\\  \\n\\\\\  \\\\\   ...  ?4 

\%«<M\«I  K<^^(tU«  M(«h  ^A 

Mm«1«m^<,  r<M^«^.    ...  i\ 

\\\\\s\\\iV\\    \     \  \y\ 


9^7S^ 

ii^7 

r^-tei 

14.747 

17^409 

7,799 

^i/fiA 

4-417 

21^1 

4,^5 

332.313 

65,356 

20O93 

3.725 

3^2.^39 

72,763 

27^3 

5,958 

566/J63 

115.076 

155.134 

30,946 

52/169 

10,833 

41.659 

8,772 

4*^984 

11,406 

21.782 

4.834 

503.185 

96.992 

255»i39 

52,025 

160,146 

32,113 

51.647 

9.396 

29.720 

6,076 

21,831 

4.544 

38,678 

8,106 

35.629 

5,945 

22408 

4,359 

1 10.340 

23,290 

22.254 

4.281 

28,229 

5.332 

20.541 

4.431 

27.737 

5.294 

29.280 

5.803 

45^.iK>I 

9.706 

2(Kv^vSo 

5.455 

d2.24S 

4,070 

^*.o»f\ 

6,$I7 

>v:^i 

^.429 

4*.oi5 

0.1 37 

.^VvM^i 

^.7t: 

wMa)U 

5.$Si 

rv.*H^ 

UA*^^"* 

t^v** 

•.*>o<T 

x\.*S< 

^^M• 

C\.NS^ 

5.5>i 

txV»\\ 

V4^^ 

ii\  "xS 

04.545 

\%\4*'^ 

\X.4!^0 

tN  *^-4 

:s.NV 

'^.^At,> 

,NA.:^ 

\t  v**^* 

"A^< 

4^ 

I3.259 

.     6.85 

5-54 

II.W3 

6.C9 

4  So 

M9» 

5.76 

4.96 

3.S79 

5-65 

4.35 

3.938 

5.56 

5-oS 

50-833 

6.54 

5.55 

3,^44 

6.3& 

4.99 

43>944 

8.26 

4.64 

3.735 

7-40 

4.92 

62.233 

9.11 

5.01 

23,680 

6.55 

4.86 

8,260 

6.38 

4.75 

8.246 

5.0s 

4.38 

6,552 

7-53 

4.51 

3,725 

5.85 

5.19 

61,069 

8.24 

4.90 

28,017 

9.11 

4.99 

27.181 

5.89 

5-50 

8,527 

606 

4.89 

4.792 

6.2a 

4.80 

4,342 

503 

4.77 

6,990 

5.53 

5-99 

5,279 

6.75 

5-14 

4,170 

5.37 

5.00 

20,493 

5.68 

5.20 

3.874 

5  74 

5.29 

4,308 

6.55 

4.64 

3,810 

5.39 

5.24 

4.903 

5.66 

5.05 

5.296 

5.53 

504 

5»5?4 

8.75 

4.93 

4.866 

5.52 

4.76 

4.221 

5.27 

4.70 

5.752 

5-57 

4.78 

5.967 

5.16 

4.60 

5.736 

7.32 

4.62 

2.695 

11.50 

5.65 

2.084 

10.52 

4.S0 

13.727 

5.47 

5  04 

14.049 

8.59 

5  07 

8,609 

6.48 

4  79 

5.133 

5.02 

5^5 

1      4.608 

8.50 

5  OS 

!      1^,898 

6.55 

$  *»> 

fi.a45 

7.21 

4  ^^ 

^515 

6.06 

5  *S 

5.5S9 

9.09 

4.t5 

7.174 

4.6S 
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>MfLATiON^  Etc,  in  Hundred  American  Cities,— (Contmued,) 


cniB& 


.  Wis.. . 
s.  Mini) 


Nj^r*vUlc.  Tenti 

Newark.  KM 

New  Brdforcl.  Mass 
New  Haven,  Conn 
New  Orleans,  La 
Newport.  Ky... . 
New  York,  N.  V 
Nodolk.V*.,... 
OakJand^Cad.... 

Omah^i,  Neb 

Oswego.  N.Y... 
Paierson»  S.  },,, 
Pcoriai,   111 

r  11.  Pa, 

t^  Pa... 

Pi»ril.*ntl.  Me.. . . 
Poiiffhkr^psic»  N 
P:  /R.I. 


Va.. 


I  NY 

^  Cal 

5.  Mo. 

St  Lout^,  Mo. . 
St  Paul.  Minn. 

S./     .  *?    ;iS 

^  itr.  Utah 

^  J,  Yexas 

^  CO.  Cal 

5  *ia.. . 

Scfifcotoo.  Pa, , . . 
Somerville.  Mas» 
5  I    HL. 

>  I.  Maai 

b  Ohio 

^  \.  y.. 

T  Mass.. 

Tcrie  Haute*  Ind 
Torcflo,  Ohio, , , . 
Trenton,  N,  J  . . . 

Troy,  NY 

tUica,  N.Y 

Washington.  D.  < 

Avs..»hru.   W.Va 

.  Pa. 

n.  Del 

\Vorv«&t«rp  Mass 


Sbb. 


19 
38 
6g 
40 
15 
75 
26 
10 
98 

I 
83 
51 
63 
93 
34 
67 
89 

a 

13 

53 
99 
20 

73 
41 

25 

32 
90 

57 
6 

45 
72 
93 

96 

9 
63 

39 

78 

too 

55 
94 
32 
9' 
76 
35 
64 
29 
53 
14 
ti 

79 
43 
28 


PorVLATTON, 


115.587 

29,132 

43  35f> 
136.508 

26,845 

62,882 
2i6«090 

20.433 
1,206^99 

24.966 

34^555 
30.518 
21,116 
51.031 

29-259 
21.656 
847.170 
156.389 
33»5io 
20.207 

104,857 
27,268 
43.278 
63,^00 
89.366 
21430 
32431 

350.518 
41473 
27.563 
20.768 
20,550 

233r959 
30.709 

45.850 

24.933 

19.743 
33340 
20,730 

51J92 
21.213 
26,042 

50,r37 
29,910 

56,747 
339t4 

147*293 
30,737 

23.339 
42478 
58.29* 


Fauiues. 


Number. 


23.034 
8.584 
6ri33 
8,525 

28,386 

6,147 
13.638 
45.316 

4. Ill 

243.157 
5,098 
7,018 
5,612 
4.398 
10,079 

5.879 

4,779 

165.044 

29,668 

7.295 
4.30a 

23.178 
5.532 
8,876 

12,180 

18,039 
4,752 
5.630 

65.142 
7.224 
6.167 
4.207 
3.864 

43463 
6.6S4 
8.936 

5417 
3.916 
7.36a 
4*339 
11,046 

4.450 
5,078 

to.  191 
5472 

11491 
6,996 

29,603 
6,233 
4424 
8,243 

U.931 


PeraoDsto 


5.02 
5-46 
4-75 
5  09 
4*8l 


37 
61 

77 
97 
96 

31 

92 

5^44 
4,80 

4.7s 
4.98 
4-53 
5  13 
5.24 
4^63 
4.70 
4.52 
4*93 
4.88 
5.33 

4  95 
4.51 
5.76 
5.38 
5*74 
4.47 
4*94 
5-32 
5.38 
4.59 
5.14 
4.60 
5.04 

4-52 
4.78 
4.69 
4.77 
513 
4-92 
5-47 
4.94 
4.85 
4.98 
4.93 

5  28 
5*15 
4-89 


DWELLIKCS. 


Number. 


Persons 
ta& 


18,748 
6,932 
5.276 
7,073 

I8,7'>6 
5.038 
9,961 

36,347 
3.225 

73.684 
3.277 
6416 
5,110 
4.153 
6,712 
54S2 
3.426 

1464 1 3 
24.289 
5.157 
3.403 
14,153 
4.715 
8.267 

9.532 

15.825 

4.222 

5.260 

43,026 

6,343 
4,241 

3.755 
3,632 

34*  MO 
5.572 
7.334 
4,106 
3.525 
5.033 
3.786 
8,825 
3.261 
4.581 
9.7»7 
5, "5 
6>955 
5815 

24,107 
5. 138 
4,157 
7.641 
6.634 


6.17 
6-76 
5-52 
6.13 
7.26 

S-33 
6.31 

5-95 
6.34 
16.37 
6.70 
5-39 
5*97 
5-08 
7,60 

5-34 
6.32 

5*79 
6,44 
6.56 
5*94 
7'4i 
5.78 
5*24 
6,67 
5*65 
5.07 
6.17 
8.15 
6.54 
6.50 

5.53 
5.66 
6.86 

5*51 
6.25 
6.07 
5,60 
6.62 
5.48 
5  87 
6.51 
5.68 
5.16 
5*85 

a. 16 

5. S3 

6.11 

5  99 
5.61 
5.56 

8.79 


VJorsssT 


IfetrL.  lead  Lpsa&.  m  F  ■■iii,  aad  lisboii.  Sepnia,  and 

SerDi^  ^  i^jMBiu  VER-  BMC  StmaL  bu  a  anaD  propoitioii 
<«Jt  mT  i£ie  -vttv  svpffied  froB  Aca^  magnificent  public 
v/^rk*  va.«  appikd  lo  diciiBi  isrif  vae.  exDepC  in  the  palaces 
iAliy^^  asa^ii^  to  die  rorral  conns. 

IS.  Water  Supplied  to  Evropean  Cities.— In  the 
jear  iffsh.  iImt  ar^fag^  daSr  snpfdj  to  some  of  the  leading 
EuTfjjpiSkn  cities  vae  appgoximatriy  as  f<dlows : 


cmESu 

l^mdou,    Kngland 

M'^U*ht:Mf:T,     "         

Sh^rfficld,  "        

\AVt:T\KnA,         **         

I^ccrU,  "        

I'.ilifibur^h,  Scotland 

CJIanj^ow,  "       

l';iriH,       Krarice   

MarM'illrs,  " 

(irnoa,  Ilaly    

Cli'iirva,  Switzerland ' 

Madriil,  Spain | 

lirilm,   rnissia 


Imp.  G.uxons 


29 

24 
29 

27 
23 
30 
40 

30 
40 

30 
16 
16 

18 


In  llir  y<'nr  18(J(J,  |)iil)lic  water  supplies  *  were,  in  vol- 
iinhs  HM  lollnwH,  in  thr  oitios  named: 


nin^s 


IVriLATION. 

Supply  pbr  Capita. 

iOO,000 

34   gals. 

5^,000 

20       " 

42,000 

22       «• 

53»o^ 

1 1.5    *« 

KX\OO0 

13.5    " 

n^^oco 

13-6    " 

,UN\CSX> 

22       " 

•  \  v».  K..V«,ss« .    »\;„,,.,,„  ,s,  K,„,,  XX  ,^.^ .-    v»„  X„ 


i«tnad.  X.  T..  18«9i 
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f        Prof.  Rankine  gives,*  as  a  fair  estimate  of  the  real  daily      H 

1   demand  ftxr  water,  per  inhabitant  amongst  inhabitants  of      H 

different  habits  as  to  the  quantity  of  water  tliey  consnme,      H 

the  following,  based  upon  British  water  supply  and  con-      V 

sumption :                                                                               ^^fl 

Kankixb*5  Estimate  for  England.                       ^^^| 

Le*sl. 

Arenige. 

Greatest           H 

Used  for  domestic  Durooses  ..,..,..,.. 

7 

3 
7 
a 

19 

10 

3 
7 
2 

22 

y 

Washing  streets,  extinguishing  fires,  sup- 

plving  fountains,  etc 

Trade  and  manufactures 

Waste  under  careful  regulations,  say .... 
Total  demand 

13.  Water  Supplied  to  American  Cities,— Tlie  lim-      H 

it€sd  use  of  water  for  domestic  piu-jioses  in  many  of  the      H 

European  cities  during  the  last  half  century,  led  the  engi-      H 

neers  who  constructed  tlie  pioneer  water-works  of  some  of       H 

KAe  American  States  to  believe  that  30  gallons  of  water  per      H 

■^ftpita  daily  would  be  an  ample  allowance  here ;  and  in       H 

their  day  there  was  scarce  a  precedent  to  lead  them  to       H 

anticipate  the  present  large  consumption  of  water  for  lawn      H 

and  street  sprinkling  by  hand-hose,  or  for  waste  to  prevent      H 

freezing  in  our  Northern  cities.                                                      H 

The  following  tables  will  show  that  this  early  estimated       " 

darnand  for  water  has  been  doubled,  trebled,  and  in  some          , 

ingtenoee  even  quadrupled ;  and  this  consicVrable  excess,      fl 

to  which  there  are  few  exceptions,  has  been  tlie  cause  of      H 

much  annoyance  and  anxiety.                                                    H 

«  '*  Cm]  En^neeHQg/*  London.  1672,  p.  73L                                 ^M 

K        38                          QUANTITY    OF    WATER    REQUIRED                  ^HI^H 

^^^       In  the  year  1870,  the  average  daily  supply  to  some  of  ^M 

1       the  American  cities  wag  as  follows,  in  United  States  gallons ;  ^M 

^H                                                                                         ^^H 

Water  Sitpplied  and  Piping  in  Several  Cities,  in  the  year  l87o^       1 

Sum.Y 

SirppLY 

Svrn,Y 

Hid    i 

POPULA- 

pzm 

rut 

ran 

TiVTAL 

ss 

^^.<  ^m 

crriEs.       ' 

TIOM 

Pbmsok, 

Fwwiuv^ 

DWSLUNG, 

Dajlv  SuFrtt, 

Ji  iS 

""'i  H 

IK  1870. 

Dajly 

Dailv 

Dailv 

<i 

1S<  ^1 

AVBIIACK 

1% 

ril 

GiUUtu 

Ga/Um*. 

CaiUnt. 

CailtmM.        MUm, 

Mi:n^  ^1 

Baltimore 267,354 

52,81 

2»2.S3 

350.13 

14,122,032   214 

0.S0H 

Boston    250,526 

60.15 

312,78 

508.87 

iS»07o,4O0  194 

0.78   ^ 

Brooklyn  , , . .  396^099 

47.16 

233-44 

407.46 

,18,682,219  25S 

0,65 

Buffalo    117,714 

58.08 

306.08 

374^04 

6,838,303     56 

0.4S 

_   Cambridge . .  .     39,634 

43.90 

220.38 

273.94 

1,739*869     60 

1.64 

^^1  Charlestown. . ,    28,323 

43.90 

201.94 

282.72 

1,243,380     25    0.90        J 

^^^  Chicago  , . . . » 

298,977 

62.32 

313.47 

417.54 

18,633,000  240   o.8t  ^ 

Cincinnati  ,  • , 

216,239 

40.00 

20T.60 

352.40 

10,812,609  132   o«6r  ^H 

Cleveland 

92,829 

33.24 

^67.53 

184.81 

3,085,559    50  0.54H 

Detroit 

79,577 

64.24 

236.98 

348.18 

5,112,493  129    1.61  B 

Hartford 

37.180 

65.S1 

329.71 

365.90 

2,447,000    48 

^.30  ■ 

Jersey  City.,,     82,546 

83.66 

414.121    700.23 

6,906,056    70 

0.8s  ■ 

Louisville.  . ,  .   100,753 

28.95 

151.99 

198.89 

2,817,300    58 

0.5S 

Montreal,  Can.  1 1 7,500 

49.00 

..... 

5,720.306    96 

0.81 

Newark 105,059 

20.20 

'98.17 

'  147-86 

2,121,842    52 

0.50 

New  Haven,.     50,840 

59.00 

286.15 

370.52 

3,000,000    53 

1.04 

New  Orleans  .   191,418 

30.19 

147.63 

171.78 

S.779.317    58   0.30      J 

New  York  . .  ,,942,292 

90.20 

45731 

t,327.74 

85,000,000  346   0.37  J 

Philadelphia  .  674,022 

55'iT 

290.98 

33^.21 

37, "45,385  48S   o7(H 

Salem , 

24,117    41.46 
310,864   35-38 

1 .000. 000    't  c    I '  oA^^^H 

St*  Louis 

185^04 

277.38 

11,000,000      105 

0.34-^ 

Washington , . 

109,199  127.00 

650.24 

709.93 

13,868,273      102 

0.93  ■ 

W^orcester. .  - . 

41,105    48.65 

230.60 

406.23 

^    2,ooo,ooO|    45 

109H 

^^ft       The  average  quantity  of  water  sapplied  to  some  of  the 

^p       same  cities  in  1874  is  indicated  in  the  following  table,  show- 

1        ing  also  the  extensions  of  thp  pipe  system^i,  and  the  increase 

I        in  the  average  daily  consumption  of  water  per  capita,  from 

1        year  to  year :                                                                           ^M 

I                 *  Sej  alao  statistics  on  page  ft09.                                                                             J 
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TABLE     No.    3. 
Water  Supplied  in  Years  1870  and  1874. 


CITIES. 

AVIRACE 

Daily  Si'fply 
r««  Cahta. 

Total  Avckacb  Daily  Suffly. 

TOTW. 

Miles  or  Pifk», 

i»»a 

•<74. 

mo. 

iftf4' 

1870. 

«i74- 

Boston ,, 

60 

60 

i5i070t4oo 

18,000,000 

194 

262 

Brooklyn 

47 

58 

18,682,219 

24,772,467 

258 

323 

Buffalo    

58 

60 

6,83^,303 

8,509,481 

56 

87 

Cambridge.  . , ., 

44 

54 

i,739i^^9 

2,300,000 

60 

76 

Charlestovni  ... 

44 

62 

1,243.380 

7i^43.o»7 

25    1    132 

Chicago  .,..,,, 

64 

84 

18,633,000 

38,090,952 

240 

386 

Cincinnati 

40 

45 

10,812,609 

13,600,596 

^32 

156 

Cleveland 

32 

45 

3.085.559 

51625,150 

SO 

81 

Detroit ........ 

64 

87 

S<  1 12,493 

91013.350 

129 

177 

Jersey  City 

84 

86 

6,906,056 

10,421,001 

70 

III 

Louisville* .. , .. 

29 

24 

2,817,300 

3.5981730 

58 

91 

Newark* 

20 

38 

2,121,842 

4.73^.7*8 

52 

112 

Philadelphia  , . , 

55 

S8 

37*145.385 

42,111,730 

488 

625 

Salem , . ,  . 

4< 

55 

1,000,000 

1,380,000 

35 

40 

Waihin^on  .  •  • . 

127 

138 

i3,868»273 

18,000,000 

T02 

141 

■beester. 

49 

80 

2,000*000 

3,000,000 

45 

63 

■ptreal  ...... 

49 

66 

5,720,306 

8,395»8io 

96 

114 

I-t.  The  Uao  of  Water  Stetulily  liiere«aKiii8:,— The 
li*gitinmie  use  of  water  is  steadUy  b«*iiig  popularized,  calling 
for  aa  increased  average  in  the  amount  of  household  ap]ia- 
mtus,  increased  tacOities  for  garden  irrigation  and  je/,^ 
tPeau^  increaaed  street  areas  moistened  in  dusty  seasons, 
and  increased  appliances  for  its  nieclianif  al  use  ;  from  all 
which  follows  increased  waste  of  water. 

145.  InoreaHe  iii  VarioiiH  Cities.— The  following  table 
Ift  jntrodticed  to  show  the  average  daily  supply  in  vario] 
cittei^  through  a  succasaiou  of  years : 


I 
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TABLE     No.    4. 
Average  Gallons  Water  Supplied  to  Each  iNHABiTAyx  Dailtt  jx 


YEAR. 

'1 

1 

1 

1 

1 
u 

1 
J 

1 

& 

55 

1 

1 

g 

i 
> 

1 

% 

^ 

1856 

— 

. — 

— 

— 

— 

1857 

— 

— 

— 

8 

^— 

— - 

46 

— . 

— ^ 

— 

^— 

— 

— 

1858 

— 



— 

8 

— 

33 

46 

75  j- 

— 

— 

—  : 

— 

1859 

— 

— 

— 

II 

— 

40148 

1 

— 

— 

-^ 

— 

i860  .... 

— 

— 

— 

U 

_ 

43 's* 

77  - 

— 

— 

— ' 

— 

1861 

— 

— 

— 

16 

— 

43 

S3 

9 

— 

— ■ 

— 

— 

1862 

— 

— 

»7 

19 

39 

44 

S8 

— 

14 

— 

— 

— 

— 

1863  .... 



— 

22 

21 

— 

43 

58 

— 

12 

— 

— 

—  1 

— 

1864 

— 

26 

22 

. — 

41 

57 

— 

14 

— 

62 

— 

— 

^86s 

29 

22 

— 

43 

55 

77 

»7 

■ — 

— 

^■~' 

— 

1866...,. 

55 

— 

33 

22 

— • 

43  60 

— 

17  ,_ 

— 

— 

— 

1867 

59 

— 

36 

24 

— . 

50 

64 

— 

»5'- 

62 

46 

— 

1868 

62 

— ■ 

43 

25 

— 

58 

67 

— 

16!  — 

68 

5« 

— 

1869.*., 

62 

— 

46 

27 

— 

62 

61 

— 

18  — 

84 

51 

— 

1870 

60 

58 

47 

33 

40 

63 

64 

84  29  49 

90 

55 

127 

1871. 

54 

5^ 

46 

36 

— 

73 

73 

—  19  55 

85 

55 

130 

1872 

55 

61 

SO 

40 

60 

75 

83 

99  i  22  1  55 

m 

54 

^^i 

1873 

58 

60 

55 

43 

— 

75 

90 

— 

22 

60 

104 

56 

138 

1874..... 

60 

60 

58 

45 

45 

84 

87 

86 

24 

66 

— 

58 

138 

1882 

99 

106 

5L 

65 

7± 

114. 

149 

124 

52  ,  66 

79 

66 

176 

i 


16*  Belatioii  of  Siipfily  per  Capita  to  Total  Pop- 
ulatioii.— Id  the  larger  cities  there  are  generally  the  great- 
est variety  of  purposes  for  which  water  is  required,  and 
<5oasequeutly  a  greater  average  daily  consumption  per  cap- 
ita. Exceptions  to  this  general  mle  may  be  found  in  a  few 
enhurban  towns  largely  engaged  in  tlie  growtlx  of  garden 
truck,  and  plants,  and  shrahs  for  the  urban  markets,  in 
which  there  is  a  large  demand  for  water  for  purposes  of 
irrigation. 

In  the  New  England  towns  and  cities  the  average  daily 
consumption  and  waste  of  water  according  to  population  j 
approximately  as  follows : 


MONTHLY  AND  HOURLY  VAK1ATI0N8. 


Plaoee  of  10,000  population,  36  to  45  gallons  per  capita. 
**       ''  20,000  '^  40  to  50       '' 

'*       •«  30,000  "  46  to  65       *'        *'        " 

50,tX)0  "  65  to  75       ^^         ^^        " 

Places  of  76,000  population  and  upward,  60  to  100  gal- 
lons per  capita. 

]7»  Monthly  aud  Hourly  Yaiiatioii8  in  the  Draught. 
— The  data  heretofore  given  relating  to  tlie  daily  average 
consumption  of  water  have  referred  to  annual  qnantities 
reduced  to  their  daily  average.  The  daily  dmught  is  not, 
however,  uniform  throughout  the  year,  but  at  times  is 
greatly  in  excess  of  the  average  for  the  year,  and  at  other 
les  feJla  below. 
It  may  be  twenty  to  thirty  per  cent,  in  excess  during 
several  consecutive  weeks,  fifty  per  cent,  during  seveiul 
consfK^utive  days,  and  not  infrequently  one  hundred  per 
cent,  in  excess  during  several  consecutive  hours,  independ- 
ently of  the  occasional  heavy  drafts  for  tires.  Diagrams  of 
Uiis  daily  consumption  of  water  in  the  cities  usually  show 
two  principal  maxima  and  two  principal  minima.  The 
earliest  maximum  in  the  year  occurs,  in  the  Eastern  and 
Middle  States,  about  the  time  the  frost  is  deepest  in  the 
ground  and  the  weather  is  coldest,  that  is,  between  the 
middle  of  Januaiy  and  the  first  of  March,  and  in  New 
Sugland  cities  this  period  sometimes  gives  the  maximum  of 
be  year.  Tlie  second  maximum  occurs  usually  during  the 
>lte8t  and  dry  est  portion  of  the  year,  or  between  the  mid- 
dle of  July  and  the  first  of  September.  The  two  principal 
itnima  oi!Cur  in  the  spring  and  autumn,  about  midway 
^l>#*twe4*n  the  maxima.  Between  these  four  periods  the  pro- 
file shows  irregular*  wavy  lines,  and  a  profile  diagram 
continued  for  a  series  of  years  shows  a  verj^  jagged  line. 
To  illustrate  the  Irregular  consumi^tion  of  water,  we 
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RATIO    OF   MONTHLY    CONSUMPTION. 
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Save  prepared  the  diagrams,  Fig*  1,  of  the  operations  of  the 
pum{>6  at  Chicago,  Brooklyn,  Cincmnati,  and  Montreal, 
durUig  the  years  1871,  18T2,  1873,  and  1874. 

18.  Ratio  of  Monthly  Coiisiiiiiptioii,— The  varia- 
tions in  draught,  as  by  monthly  classification,  in  several 
prominent  cities,  in  the  year  1874,  have  been  reduced  to 
ratios  of  mean  moutJdy  draughts  for  convenience  of  conipar- 
isoo,  and  are  here  presented  ;  unity  representing  the  mean 
monthly  draught  for  the  year : 


TABUE     No.     8. 
Ratios  of  Monthly  Consumption  of  Water  in  1874. 


cmES, 


Biooikljti. 


CleT«Uiid« . . 
Detroit 

Chlc^^  . . . . 
Ctncinnail., . 
Louisville. . 
MonireaJ.  * , . 

Mam... 


s 

1 

i.oa<) 

t    132 

Loot! 

1.007, 

.883 

.9QI 

.856 

.807; 

.950 

.844' 

.862 

.B44 

.7qa 

76a 

.842 

.819, 

.864 

^59 

971 

850 


,892 

941 

905!  .844?  I 

^834  .89811, 

904  .904! 

778|  .85611 

848  .S41 


,941 

.992 
029,1 

.056 
.942' 

.OII|I 

.960  I 
.916 


008  i.( 

963! 
180  I. 

.199 
-942 


069  I 

99O1 
181I1 
osxli, 
2891 
171  I 
,1.217  I-207ll 

2071 

lOlll, 


.0341 

.020  I 
206,1 
1 67. 1 


a 


.887,  ,8^7,888  ,897  .960 


192 
907 


1.075 


.145 
193 

257 
223 
151 


ill 


1.144!  1.15s 


044 
,0441 

058  x 
,i7i|t. 
091 
162  1 
302  I, 
202  I, 
096  I 


1. 130 


.987 
.oil  I 
.001 

115 

.990 

039 
05S 
138 
043 


1.042 


919  .974 
040  1. 000 
.942'  .915 
.9871.003 

.9521  .853 
.96611*029 
.960  .799 
,94o|  J76 
1.023 

.941 


.971 
.964 


There  is  also  a  very  perceptible  daily  variation  in  each 
week,  and  hourly  variation  in  eacli  day,  in  the  domestic 
oonsiimption  of  water. 

The  Brook] jai  diagram  shows  that  the  average  dranglit 
in  the  month  of  tnaxinium  consumption  was  in  1872,  Hftt  en 
fer  cent  in  excess  of  the  average  annual  draught ;  in  1873, 
ierenteen  per  cent,  in  excess ;  in  1874,  thirteen  per  cent,  in 

A  Boston  Highlands  direct  pumping  diagram  lying  be- 

Jwu  tlie  writer  shows  that  the  average  draught  at  nine 

Riock  in  the  forenoon  was  tliirtj'-seven  i)er  c^nt,  in  excess 
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of  the  arerage  dmiigbt  for  the  three  months,  and  that 
eight  o'clock  a,m,  on  the  Mondays  the  draught  was  sixty 
per  cent  in  excess  of  the  average  hourly  draught  for  the 
three  months. 

The  maximum  hourly  draught  indicated  by  the  two" 
diagrams  taken  together  is  nearly  seventy -five  per  cent, 
excess  of  the  average  throughout  the  year, 

19,  niuHtrationH   of  Varyuig   Consiimiition,  —  In 
illustration,  we  will  assume  a  case  of  a  suburban  town  re- 
quiring, say,  an  average  daily  consumption  for  the  year  < 
1,0CH), (KK)  United  States  gallons  of  water,  and  compute  thf 
maxlmura  rate  of  draught  on  the  bases  shown  by  the  abovci 
named  diagrams,  thus: 


A verag^e  draught  per  year ♦ . . . . 

Add    17   per  cent  for   max.  tuonthly  average 

draught,  making. ... . . 

Add  to   the  last  quantity  to  per  cent,  for  the 

max,  weekly  average  draught,  making. . . . . , 
Add  to  the  last  quantity  37  per  cent,  for  the 

max.  hourly  average  draught,  making 

Add  to  the  last  quantity  23  per  cent,  for  the 

max.  hourly  mv,  draught  on  Mondays,  making 


rsx  Day. 


1.170,000 
1,270/100 
1,640,000 
1,870,000 


FES   MtlK. 


69M 

812,5 

881.9 

1,138^ 

i,3oao 


TTie  experience  of  nearly  every  water-supply  shows  that 
the  maximum  draught,  aside  from  fire-service,  is  at  timei|H 


more  than  double  the  average  draught 

20.  Reserve  for  Fire  Extiiig^uisliiiient,— In  add!-, 
tion  to  the  above,  there  sliotild  be  an  ample  reserve  of  wai 
for  lire  service,  and  extra  conduit  and  distribution  capaci 
for  its  delivery.  There  is  a  possibility  of  two  or  three  lires 
being  in  progi^ss  at  the  same  time,  in  even  the  smaller 
cities,  requiring  at  least  twelve  hydrant  streams,  or  say  'SiM 
cubic  feet  of  water  per  minute,  for  each  fire. 
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CHAPTER    III 

RAINFALL. 

21.  The  Vapory  Elements,— The  elements  of  water 

fill  the  ethereal  blue  above  and  the  earth  crust  beneath. 

They,  with  nnceasing  activity,  permeate  the  air,  tlie  rocks^ 

the  sand,  the  fruits  we  eat,  and  the  muscles  that  aid  our 

^motion. 

^^Since  first  **  there  went  up  a  mist  from  the  earth,"  the 
^^phiggle  between  the  ethereal  elements  and  earth's  internal 
file,  between  the  intense  cold  of  space  and  direct  and 
xadiated  heat  enveloping  the  face  of  the  earth,  has  gone 
on  unceasingly. 

22.  The  Lic|iii(l  and  Gaseous  SncceKsions. — If  we 
hold  a  drop  of  water  in  the  cleai*  sunshine  and  watch  it. 
intently,  soon  it  is  gone  and  we  could  not  see  it  depart ;  if 
we  expoee  a  dish  of  water  to  the  heat  of  fire,  silently  it 
disappears,  and  we  know  not  how  it  gathered  in  it^  activity ; 
if  we  leave  a  tank  of  water  iincovered  to  the  sun  and  wind, 
it  gradually  disappears,  and  is  replenished  by  many  sliowers 
of  summer,  still  it  departs  and  is  replenished  by  snows  of 
wint<»r.  Under  certain  extr»^me  cnnditinns  it  may  never  be 
full,  it  may  never  be  exhausted,  tlie  rising  vapor  ma}'  fqual 
the  falling  liquid,  as  where  *'  the  rivers  flow  into  the  sea,  yet 
the  Bea  is  not  full/ ' 

23,  The  Source  of  ShowerR*— Physical  laws  whose 
origin  we  cannot  compm^liend  but  wlios^^  st^^ady  effects  we 
obserre,  lift  fiom  thn  saline  ocean,  the  fouhxl  liver,  the  moist 
mxiii,  a  stream  of  vapor  broad  as  tlie  circuit  of  the  globe, 
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but  their  solid  impurities  remain,  and  the  flow  goes  up  with 
ethei^al  clearness. 

Prom  hence  are  the  sources  of  water  supply  replenished. 
From  hence  comes  the  showers  upon  the  &ce  of  the  earth, 

24.  Oc^iieral  Kiitufiill.— But  them  is  irregularity 
the  physical  IVatiuvs  uf  the  earth,  and  unevenness  in  the 
temperature  about  it,  and  the  showers  are  not  called  do^ 
alike  upon  aU  its  surface.    Upon  the  tempemte  zone  in 
America  enough  water  falls  in  the  form  of  rain  and  snow 
to  cover  the  surface  of  the  ground  to  an  average  depth  of 
about  40  inches,  in  the  frigid  zone  a  lesser  quantity,  and  in_ 
the  torrid  zone  full  90  inches,  and  in  certain  localities 
depths  of  1(K)  and  IflO,  and  at  times  to  even  200  inches. 

We  recognize  in  the  rain  an  ultimate?  source  of  water 
supply,  but  the  immetliate  souixi^es  of  local  domestic  water 
supply  are,  sliaUow  or  deep  wells,  springs,  lakes,  and  rJrers.^ 
The  amplitude  of  their  supply  is  dependent  upon  the  acdiZ-fl 
able  ammint  qf  the  rainfall  that  replenishes  them.  In 
cases  of  large  rivers,  and  lakes  like  the  American  inland 
seas,  thei'e  can  be  no  qu**stion  as  to  their  answeiing  all 
demands,  as  respects  quantity;  that  can  be  made  upon  them, 
but  often  upon  watersheds  of  limited  extent^  margins  of 
doubt  demand  special  investigations  of  their  volumes  of 
laiiifalU  and  the  portions  of  tliem  that  can  be  utilized, 

*i5.  Ke\iew  iif  Kaiiifall  Statistics.— Looking  broadlj 
over  some  of  the  primipal  river  valleys  of  the  United  Stat 
we  find  theu'  average  annual  rainfalls  to  be  approxi^^ 
mately  as  follows :  Penobscot,  45  inches  ;  Merrimack,  43 ; 
Connecticut,  44  ;  Uudson,  3D  ;  Susquehanna,  37  ;  Roanoke, 
40;  Savannah,  48;  xlppahichicola,  48;  Mobile,  60;  Mis- 
sissippi, 46  ;  Rio  Grande,  19  ;  Arizonian  Col«)rado,  12  ;  Sac- 
ramento, 28 ;  and  Columbia,  33  inches  ;  but  the  amount 
of  rainfall  at  the  various  points  from  source  to  mouth  of 
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Tiver  18  by  no  means  uniform  ;  as,  for  instance,  npon 
Hie  Su^uehanna  it  ranges  from  26  to  44  inches ;  on  the 
Rio  Grande,  fi*om  8  to  37  inches ;  and  on  the  Columbia, 
from  12  to  86  inches, 

2C.  Climatic  Effects,— Tlie  North  American  Continent 
^nts,  in  consequence  of  its  varied  features  and  reach 
near  extreme  torrid  to  extreme  polar  regions,  almobt 
all  the  special  rainfall  characteristics  to  be  found  upon  xhe 
face  of  the  globe ;  and  even  the  United  States  of  America 
includes  within  its  limits  tlie  most  varied  classes  of  climato- 
logical  and  nieteoroh)gical  (^ffpcts,  inconse<^nence  of  its  mnge 
of  elevation,  from  the  Florida  Keys  to  the  Rocky  Mountain 
snmmits,  and  its  range  of  humidity  from  the  sage-bush 
plains  between  the  Sierras  and  Wahsatch  Mountains,  and 
the  moist  atmosphere  of  the  lower  Mississippi  valley,  and 
from  the  rainless  Yuma  and  Gila  deserts  of  soutliern  Cali- 
fornia to  the  rainy  sh)p«'S  of  north-western  Califoniia  and  of 
Oregon,  where  almost  daily  showers  maintain  eternal  verdure, 
b  27.  ScH^tioiift  of  31axiiniiiii  liaiiifull — Hie  maxi- 
mum  recorded  rainfall,  an  annual  mean  of  86  inches,  occurs 
in  the  region  liordering  upon  the  rnoutl*  of  the  Columbia 
River  and  Puget  Sound.  A  nan*ow  l>elt  of  excessive  hu- 
midity extends  along  the  Pacific  coast  from  Vancouver's 
Island  southerly  past  the  borders  of  Washington  Territory, 
Oregon  and  California,  to  latitude  40°. 

Next  in  order  of  humidity  is  the  Region  bordering  upon 
the  Delta  of  the  Mississippi  River  and  tlie  einbouckure  of 
the  Mobile,  whose  annual  mean  of  rain  lynches  64  inches. 

Kext  in  order  is  a  section  in  the  heart  of  Florida  of 
about  one-half  the  brcmdth  of  the  State,  whose  mean  annual 
rain  reaches  60  inches. 

^    88*  Western    Ruiu    System, — Tlie   great    northerly 
Hmkq  current  of  the  Pacific  moves  up  past  the  coast  of 
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Cldui  mmA  dbie  Almtiaa  Uaads  aad  iMfMigig  upon  the 
ISfjrth  AxEfterioui  dboR.  tbea  ft»iML|iB  dora  akng  the  coast 
4  Wu^lnugum  Twrisory.  Qresgon  aad  Qdifioniia ;  and  from 
iU  flfiUQiatod  atiDOEpbeR.  flcming  np  their  bold  western 
pi\f/j0fTfLf  hi  drawn  the  ezoeaare  aqneons  prodpitations  that 
wat^  these  regions. 

Tlieir  moiist  winds  temper  the  cHmate  and  thdr  condensed 
rajx/rK  irrigate  the  land,  so  that  the  sontherlv  portion  of  the 
favon^  r^cm  referred  to  is  often  termed  the  garden  of 
A  m<'rir». 

Vif£.  2  i«  a  profile,  showing  a  general  contour  across  the 
North  American  Continent,  along  the  thirty-ninth  parallel 
of  latitude*. 

Fig.  2. 
E 
r  D        ^  Q 


r  2tf^(?  miles,  > 

£lbvation. 

y^. 

A    rui-ifii  Otcan.  a.  Sacramento  City 8a 

II    f 'iinnt  KunKt*.  A  C'arson  City 4.629 

<  .  Slotia  Nrvuila.  r.  Salt  I^ike  Refinoo 4,38a 

l>.  U  MliKnii  li  Moiintainfi.  </.  Colorado  River — 

I'.    U<M  kv  MiiiiiilalitM.  r.  Colorado  City 6,000 

I'.   MlnMSNipiij  Kivn.  y.  St.  Louis 481 

(i     VlliKlmin  Mmintaiiui.  x^*  Cincinnati 582 

II    lUur  KUI|t«\  A.  Washington    ..  70 

1    AlliuUlc  (Kean. 

Tlio  ralifornia  ot>iist  nuifri^  and  the  western  slope  of  the 
SliMTn  Nt^atlas  i\\\>  tho  condensers  that  gather  from  the 
IMH'Vt^lHup:  \v<*8torly  ^hh^ui  ImvzA^s  their  moisture.  From 
fhoni^*  tho  wiihls  |\ik^s  t^i^terly  over  the  Sierra  summit 
iilMhVMt  ontl^^^ly  ih^jmviHl  of  moist\m\  and  yield  but  rarely 
iih^x  u\\\\  ujHMi  fho  Imvhl  interior  l>a«in  stretching  between 
tho  \\«i?n\H  of  tho  Siomi  Hud  NVnhsjUoh  Mountains.    Upon  the 
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arid  plains  of  this  region,  above  the  Gulf  of  California, 
whose  average  annual  rainfall  reiiches  scarce  4  incliettj  the 
winds  roll  down  like  a  thii-sty  sponge. 

Further  to  the  east,  the  western  Blopes  of  the  Wahsatcli 
and  Rocky  Mountains  lift  up  and  condense  again  the  west- 
em  winds,  and  gather  in  their  storms  of  rain  and  snow. 
In  the  leaser  valley  between  these  mountains,  12  to  20 
inches  of  rain  falls  annually,  and  the  tributaries  of  the 
Colorado  River  gathers  its  scanty  surplus  of  waters  and 
leads  them  from  tlience  around  the  southerly  end  of  the 
Wahsatch  Mountains  past  the  Yuma  Desert  to  the  Gulf. 

Over  the  summit  of  the  Rocky  Mountains  onward  moves 
the  westerly  wind,  again  deprived  of  its  vapor,  and  down  it 
roUs  with  thirsty  swoop  upon  the  Great  American  Desert, 
ekirting  the  eastern  base  of  the  mountains.  Farther  on,  it 
is  agiiin  charged  with  moisture  by  the  saturated  wind-eddy 
from  the  Caribbean  Sea  and  Gulf  of  Mexico. 

The  great  Pacific  currents  of  water  and  wind,  and  the 
extended  ridges  and  furrows  of  the  westerly  half  of  our 
Continent  lend  their  combined  influence,  in  a  marked  man- 
ner, to  develop  its  special  local  and  its  peculiar  general 
climatic  and  meteorological  systems, 

29.  Central  Rain  Byst^ni. — A  second  system  of  anti- 
trade winds  bears  the  saturated  atmosphere  of  the  Gulf  of 
Mexko  up  along  the  great  plain  of  the  Mississippi.  Its 
moisture  is  jj^ecipitated  in  greatest  abundance  about  the 
delta,  and  more  sparingly  in  the  more  elevated  valleys  of 
the  Red  and  Arkansas  rivers  upon  the  left,  and  the  Tennes* 
wa  and  Ohio  rivers  upon  the  right  Its  influence  is  per- 
ceptible along  the  plain  from  the  Gulf  to  the  soutliem  bor- 
der of  Lake  Michigan,  and  easterly  along  the  lower  lakes 
and  across  New  England,  where  the  chills  of  the  Arctic 
palar  current  sweeping  through  the  Gulf  of  St.  Lawrence 
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and  down  the  Nova  Scotia  coast  into  Massaclinsetts  Bay^ 
throws  down  abundantly  its  remaining  moistnre. 

30.  Eiistero    Coast   System.  — A  third  system  en^ 

velops  Florida,  Georgia,  and  tbe  eastern  Carolinas, 
ciaDy  in  summer,  with  an  abundance  of  rain. 

A  fourth  subordinate  system    shows   the   contending 
thennic  and  electric  influences  of  the  warm  and  moig 
atmosphere  from  the  Gulf  Sti'eam,  flowing  northerly  past,^ 
and  of  the  cooler  atmosphere  from  the  polar  current  flov 
southerly  upon  the  New  England  coast,  where  an  abundanti 
rain  is  distributed  more  evenly  throughout  the  seasons  than 
elsewhere  upon  the  Continent,  fl 

31.  Influence  of  Elevation  iiiioii  Preciiiitntion,— 

The  influpiici'  of  elevation  above  the  sea-level  is  far  less 
active  in  producing  excessive  rain    upon    our  niotintaip^ 
ranges  and  high  river  sources  than  upon  other  continental 
and  some  of  the  mountainous  islands,  being  quite  suboi^di- 
nate  t^>  geneml  wind  currents.  ^ 

Upon  the  mountainous  island  of  Guadaloupe,  in  latitude 
16"*,  for  instance,  a  rainfall  of  292  inches  per  annum  at  ai 
eleTation  of  4500  feet  is  recorded. 

Upon  the  Western  Ghauts  of  Bombay,  at  an  elevatioii 
of  4,5iK>  feet,  an  average  rainfall  for  fifteen  years  is  given  as" 
S54  inches.  ^ 

On  tiie  southerly  slope  of  the  Himalayas,  northerly  o^l 
the  Bay  of  Bengal,  at  au  elevation  of  4,S00  feet,  the  rainfall 
of  1851  was  6X0  iuoheflu    These  localities  all  face  prevailing 
eatumtiHl  wUid  cunvnla.  ^m 

H*^.  Klvt^r^lmsln  Ruin?*,  — A  study  of  some  of  our 
|^nei|i4il  river  valleys  iude|vndently,  reveals  the  fact  tliat 
lUelr  minfiill  gniAluaUy  ilect\*iise$  from  iheir  outlets  lo  theii_ 
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In  illustration  of  this  fact,  we  present  the  following  river- 
ralley  statistics  relating  to  the  principal  basins  along  the 
Atlantic,  Golf,  and  Pacific  coasts. 


TABLE    No.    6. 

Mean  Rainfall  Along  River  Courses,  showing  the  Decrease 
IN  Precipitation  of  Rain  and  Melted  Snow  from  the 
River  Mouths,  upward. 

st.  john's  river. 


Name  of  Station. 

Summer. 

Winter. 

St.  Johns 

Inches. 

lO 
12 

Inches. 
lO 

Fort  Kent 

Year.  Distance  from  Mouth. 


Inches. 

51 
36 


Miles  {approximated. 

5  )  Distances  from  Average  rain, 
"3°^    *'62SS"'i    43  inches.  • 


Newburyport . 
Lawrence  . . . . 
Manchester  . . 
Concord  


MERRIMACK    RIVER. 


12 

12 

41 

19 

II 

45 

II 

II 

45 

II 

9 

41 

2e     Distances  from 
^  >•    the  AtlanUc 

78j 


Ocean. 


Average  rain, 
43  inches. 


Saybrook  .... 
Middletown.. 

Hartford 

Hanover 

St.  Johnsbury 


CONNECTICUT    RIVER. 


13 

13 

49 

^1 

13 

12 

46 

25 

lO 

II 

44 

40 

II 

9 

40 

180 

II 

8 

36 

235  J 

Distances  from 

Long  Island 

Soimd. 


Average  rain, 
44  inches. 


New  York  City. 
Pougfakeepsie  . . 

Hudson 

Albany  


HUDSON    RIVER. 

81 


12 

10 

44 

12 

9 

40 

10 

7 

35 

9 

8 

36 

75  I  Distances  from  I  Average  rain, 
115  f    ^"o^"""  !     39  inches. 

145  J  *     ! 


SUSQUEHANNA    RIVER. 


Havre  de  Grace 

Harrisburg 

Lewisburg 

Williamsport . . . 

Owego 

Elmira 


13 

10 

44 

51 

12 

8 

49 

70 

II 

8 

39 

120 

10 

7 

39 

140 

8 

6 

34 

200 

7 

4 

26 

200  J 

Distances  from 

Chesapeake 

Bay. 


Average  rain, 
37  inches. 
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Mean  Rainfall  Along  River  Courses — {Continued), 


MISSISSIPPI    RIVER, 


Nams  of  Sftatvxh* 


Summer. 


Delia 

New  Orleans 

Baton  Rouge- .. .,. 
Tunc,  of  Red  River  . 

Vicksburg  

Memphis 

Cairo. ♦ . , . . 

St.  Louis. ,,....... 

Dubuque 

Lacrosse. 

St.  PauKs 

Brownsville 

June,  Pecos  River  . 

El  Pa&Q>.... 

Albuquerque 

Astoria  , 

Walb- Walla  ,.*... 

Boise  City 

Fort  Hall ..., 


Iwchm. 

SO 
20 
18 
14 
II 

8 
II 
13 
14 
II 
It 


Imcktt. 


Imckei. 

18 

16 

15 
16 

15 
15 
19 

s 

5 
3 
3 
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Distance  feom  Moitth. 


60 

10I 

60 

95 

60 

190 

56 

240 

S5 

35<^ 

42 

560 

42 

700 

42 

850 

38 

1 100 

30 

I300 

25 

1 500  J 

MiUs  (^f^rojrimmie). 


Distances  from 

the  Gulf  of 
Mcjtico. 


Arerage  rain, 
46  iocbes. 


8 

6 

37 

5 

3 

18 

4 

3 

12 

3 

2 

8 

Dtstances  from 

the  Gulf  of 

Mexico. 


COLUMBIA    RIVER 


^1. 


4 

44 

86 

2 

5 

20 

9 

7 

13 

I 

6 

12 

9*je  I  Dtstanoes  from 
fiinf  the 

8soJ 


Average  raio,  \ 
ig  inches. 


Averaife  rain, 

33  inches. 


Reference  to  the  above,  from  among  the  principal  river 
valleysj  is  sufficient  to  show  that  the  oftrmade  statement^ 
that  ^'rain  falls  most  abundantly  on  the  high  land,''  is 
applicable,  in  the  United  States,  to  subordinate  watersheds 
only,  and  in  rare  instances* 

33.  Grouped  Rainfall  Statistics,— The  following 
table  gives  the  minimum,  maximum,  and  mean  rainfalls, 
according  to  the  most  extended  series  of  obsen^ations,  at 
various  stations  in  the  United  States.  They  are  groui>ed 
territorial  divisions,  having  uniformity  of  meteorological 
characteristics. 
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TABLE     No,     7. 

KAUiFALL  IN   THE   UNITED    STATES, 

iFrvm  Etc»rd4  to  r866  rm*rlurivt.) 

GROUP  l.»AtlAnii<3  SeR-coBst  from  Portland  fo  ^^asHlngton. 


Statiom. 


finuiswick  ** 

Wcirc«Cer.     Mftd 

Cunbridi^e,      **     ...   , 

Bartoo.  "     

New  Bedford  ♦*    „.,. 

IVoHdeocc,  R,  I 

Fklbijsii,  N.  Y. 

Fort  Hamitton,  **  . 
Fort  Columbuf^  "  . 
*Ve«  York  Ciiy,  "  . 
Wr«Bt  Point,  *• 

Xewaxk,  N.J.,... 

IjuiibcTtrtUe,      "  ..,., 

i'kiladctphia,  Peoa 

HttUiitiorc.  Md...., 
Fort  McHenrr. "  ... 
UTaBhii^toa,  D.  C.  ,,. 


Lat, 


44"  lo' 
43  54 

49    10 


LOMG. 


39  57 
J9  tft 


HftlGItT 

Ykahs 

MiM. 

Max. 

A»ovm 

or 

Akkual 

Anmual 

SVA. 

Rbcoso 

Rain. 

RAlJt. 

Jmektt, 

Imck^*, 

76 

«7 

34.60 

5»'47 

74 

ja 

75.64 

5>8 

96 

61.8J 

7« 

3« 

30.04 

59.34 

38 

37*» 

?s:j: 

go 

54 

30.68 

ty> 

1^ 

30.51 

54*  •  7 

54 

38.  »4 

50.99 

«S 

iQ 

39.75 

63.69 

«3 

a4 

»7.S7 

65.3" 

.? 

3» 

34^79 
3505 

69.87 
63.56 

3| 

•3 

34-54 

S7'OS 

g 

«7 

3a-33 

6».94 

n 

a9'-S7 

.  .„, 

98.75 
a^.87 

63.04 

3* 

3 

S«.SO 

tio 

93.34 

53.45 

MftAM 

Aknltai, 
Rai« 


43-44 


GROUP  2.-^Atlantto  Sea^soBBt,  Virginia  to   FtoHda. 


iMo] 


(luwe,  Vi 


37W 

76" 18' 

8 

J9 

»9'3a 

?j::s 

5  J? 

79  5«S 

as 

13 

93.69 

ffS 

as 

17 

33-98 

65.31 

3*  05 

4* 

»3 

35.98 

^u 

48  00 

8998 

90 

«7 

35*93 

47.<H 
43.63 

48.3a 
53.03 


47-«3 

^  OROUP  8w— Hudson  River  Valley,  Vermont*  Northern  and  Wcetepn 

New    York. 


N.  Y 


kbst 


Hkloirftet  Ancnftl,  «' 


Huiovcr,  N,  H.  .. 


r.    ^ 


41*3"' 

74'*>5' 

150 

4*  4» 

73  55 

.... 

4*  55 

74  flf 

t88 

49  13 

7J  46 

ISO 

49  99 

73  43 

125 

4»  39 

73  44 

130 

4»« 

n  43 

5** 

4*47 

73  40 

30 

43  90 

73  ^7 

950 

43  4a 

79  t7 

530 

44  99 

73  " 

^% 

43*5 

74  55 

4300 

7S  90 

1137 

s:i 

75  >3 

5" 
847 

75  3* 

44  »5 

75  35 

40a 

44  <P 

:j3 

75  o' 
75  ^ 

.s; 

75  3« 

961 

49  56 

4»  SS 

S^ 

■ns 

4«17 

7«37 

4t7 

4'  53 

77  o» 

567 

4«4« 

77  " 

740 

4308 
4a  49 

78  10 

i^ 

4996 

79  "4 

7»« 

tf.o4 


31.65 
»5.4S 


55*63 


55.98 

49^ 


45.08 


44«9<> 
43-03 


34*99 
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Rainfall  in  the  United  States — (QmHnued), 

GROUP  -4.— Upper   Mississippi,   part  of  loiw^a,   Minnesota,  and 
\A^iscon8in. 


Station. 


Fort  Ripley,    Minn 
Fort  Snelling,      " 

Dubuque,  Ioh-r 

Milwaukee,  Wis 

Muscatine,    Iowa. . 
Fort  Madison,  "     . 


Lat. 

Long. 

46^19' 

94^19' 

44  53 

93  10 

43  30 

f.t. 

43  03 
41  36 

9»  05 
91  38 

40  37 

Ska. 


zxjo 
Sao 
666 


Ybaks 

MiN. 

OP 

Annual 

Record 

Raim. 

Incket, 

«7 

11x6 

aa 

15^ 

«5 

«5.07 

a3 

SS 

:s 

97.54 

Max. 

Annual 
Rain. 


Incket, 

36.X4 
49.69 

44.86 
74.ao 
54.H 


>Ihaii 

Annual 
Rain. 


/nolo. 
25.11 
35.83 
33-47 
3«M«> 
43.88 
41.96 

33^ 


GROUP  5.— Ohio  River  Valley,  Western  Pennsylvania  to  Eastern 

Missouri. 


Alleghany  Arsenal,  Penn 40^33' 

^eubenville,  Ohio 4025 

Marietta,  "    39  35 

Cincinnati.  "    3906 

Poitsmoutn,      **    38  43 

Athens^  111 39  53 

St.  Louis  .-\rsenal.  Mo 38  40 

St.  Louis,  "  38  37 

Jefferson  Banacks,  "  38  38 


I 


80^03' 

80  41 

81  39 
84  35 

1% 

90  10 
90  16 
90  X5 


704 

a3 

% 

% 

583 

31 

468 

a6 

800 

16 

% 

S 

47a 

az 

35.63 
a8.o3 
33.46 

85-49 
35.50 
35.13 
34.08 
37.00 
39.18 


S:S 

.^3 

ss 

42.70 
44.87 

56.79 

38.33 

4«.i7 

39.62 

7«-54 

43.63 
43.18 

68.83 

55- «3 

40.88 

40.88 


GROUP  e.^Indian  Territory  and  Western  Arkansas. 


Fon  Gibs».>n.  Ind.  Ter 35  ""48'  9503' 

Fort  Smith,  .Vrk i  3533  9439 

Fort  Washita,  Ind.  Ter 34  14  9^  38    1 

I  :  I 


^ 
t. 


z6 


18^ 
a4.34 
axJi 


55.8a  36,37 
61.03  40.36 
64.39    I    38.04 


38^5 


GROUP  7.— Lower  Mississippi  and  Red  Rivers;  part  of  Kentucky. 

&tru)^iUlv%  Ken 3<J'o7'       85  .ti'         570    j      34      |  30.91  '    67.10    I    48.58 

WAshin^tvnu  Ark },*  44         93  4»  «*>  «       '  41.40  1     7<MO         54- S» 

Vkksbui^.  Mis«»  w  .*;         go  w  350  x6      ,  37.ax         60.38     1    49-30 

Natvhex,         "    }i  .;;        9»  «5    ,      «^    |      »*  3»-o9  ■    78.73    '    5>5S 

:  :  !  .~5i-|8~ 


GROUP  S.—MiSiMssippi  Delta,  and  Coast  of  Miasiasippi  and  Alabama. 


New  iHK-«nak  la. «  5''       go  o«'  ao  83  41.98 

Ml.  VettKHi  .VitwculU  .Vis.  ....      jtt  i-t        $^  w  aoo  15     '■    ^t,4fi 

V^tMk  RoM^e«  La.    «c  <c        9s  t$  41  15  41.34 


67.xa 
xz6L|0    I     60.X0 


SI? 


59-" 


OnoU^*^  ^    IV^mHc  Cv>M«t«  Bay  of  San  FVaneisco  to  Alaska. 


rvi*  \  AiHX'Myir* »  W .  Vet .  ^.,  ^^^       1  w  n» 


l'^.> 
$» 


it.73 
XX.IS 
«5.9« 


jfi^  I     ai.69 

*7-44  '     19.5^ 

56^09  I     38.84 
70JX  43.98 

9S«i  83.39^ 

41-49 
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34,  Monthly  Flnctuatioiis  in  Rainfall*— Our  gener- 
alizations thus  far  have  referred  to  the  mean  annual  rainfiill 
over  lai^  sections.  There  is  a  largi*  range  of  tiuctuatioa  in 
the  average  amount  of  precipitation  through  the  different 
Beasons  of  the  year,  in  different  sections  of  the  United 
States.  It  will  be  of  interest  to  follow  out  this  phase  of  the 
question  in  diagmnis  3  and  4,  in  w^hich  type  curves^  of^ 
monthly  means  are  ditiwn  about  a  line  of  annual  mean 
covering  a  series  of  years,  in  no  case  less  than  fifteen. 

The  letters  J,  F,  M,  &c.,  at  the  heads  of  thv  diagrar 
ai-e  tlie  initials  of  Uie  months.     The  heavy  liorizontal  lines"* 
represent  means  for  the  year,  which  ai-e  taken  as  unity. 
Their  true  values  may  be  found  at  the  foot  of  their  respect- 
ive groups  in  the  above  table.     About  this  line  of  annual 
nn^an  is  drawn  by  free-hand  the  type  curve  of  mean  rai 
fall  through  the  successive  months,  showing  for  each  mont 
Ob  pnTentage  of  the  annual  mean. 

Each  tyjK^  curve  relates  to  a  section  of  country  having 
unlforni  characteristics  in  its  annual  distribution  of  rain,     J 

Currr  iVo.  /,  for  Gnmp  No*  1,  includes  the  section  of 
eountry  bcmiering  ui>on  the  Atlantic  sea-coast  from  Port- 
Uuul  to  Washington.  The  average  fluctuation  of  the  year 
lu  this*  tHH'tion  is  forty  per  cent  Its  maximum  rainfall 
tHH^ur!^  ofti^ni'st  in  August^  and  its  minimum  oftenest  in 
January  or  Febniar\', 

VHtrr  Aa.  j?,  far  Group  No,  2,  includee  the  Atlantic 
fH^wt  lH>ixler  fh)m  ^^irginia  la  Florida.  The  average  tluc- 
tiuitiou  of  the  y%HikT  is  one  hundi^  and  ninety-eight  per 
i^mt.  118  maximum  minfall  occurs  ofteneit  about  the  first 
^^f  AuKU»t,  iuhI  utsATl^*  equal  minitua  in  Apail  and  October. 
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Curve  No.  S,  for  Group  No,  3,  includes  the  upper  Hud- 
son  River  valley,  and  northern  and  western  Nt?w  York. 
The  avenige  fluctuation  of  the  year  is  sixty-six  per  cent 
Its  maximum  rainfall  occui*s  oftenest  near  the  first  of  July 
and  its  minimum  oftenest  about  the  first  of  Pebruaiy. 

Curve  No.  4?  for  Group  No,  4,  inchides  a  part  of  Iowa, 
central  Minnesota,  and  jmrt  of  Wisconsin,  in  the  upper 
Mississipi>i  valley.  Tlie  average  fluctuation  of  the  year  is 
one  hundred  and  nine  per  cent.  Its  maximum  rainfall 
occurs  oftenest  in  the  latter  part  of  June  and  its  minimum 
oftenest  about  the  first  of  February, 

CuTPe  No,  '5,  for  Group  No.  5,  includes  the  Ohio  River 
valley,  from  western  Pennsylvania  to  eastern  Missouri. 
The  avempe  fluctuation  of  the  year  is  sev^enty-tln-ee  jx^r 
cent  Its  maximum  rainfall  occurs  oftenest  about  the  first 
of  June  and  its  minimum  oftenest  in  the  latter  part  of 
January, 

Carre  No.  6\  for  Gr<iup  No,  6,  includes  the  Indian  Ter- 
ritory and  Western  Arkansas.  The  average  fluctuation  of 
the  year  is  ninety-one  per  cent  Its  maximum  rainfall 
occurs  oftenest  about  the  first  of  May  and  its  ndnimum 
oftenest  at  the  opening  of  the  year. 

Curve  No,  <s\  for  Group  No.  8,  includes  the  Mississippi 
Delta  and  Gulf  toast  of  Alabama  and  Mississippi.  The 
average  fluctuation  of  the  year  is  seventy -five  per  cent  Its 
maximum  rainfall  occurs  oftenest  in  the  latter  part  of  July 
and  its  minimum  oftenest  early  in  October. 

A  similar  type  cnr^^e  for  Group  No,  a,  the  n^j2:ion  border- 
ing upon  the  Pacific  coast  from  the  Bay  of  San  Francisco 
to  Puget's  Sound,  would  show  an  average  annual  fluctua- 
tion through  tlie  seasons  of  two  hundred  and  thirty-two 
per  cent.  The  fluctuations  here  liave  nothing  in  common 
with  the  Mississippi  and  Atlantic  types.    The  maximum 


itraH 
andV 


rainfall  here  occurs  oftenest  in  December  and  the  minimnm  , 
ofk^nest  in  July. 

35.  SeeiiJar  Fluetimtioiis  in  R<'iiufall.— Diagram  5 

illustrates  the  secular  fluctuations  in  tlie  raiulall  through 
long  series  of  yoai-s  in  the  Atlantic  system  and  in  the  cent 
Mississippi  system.     It  presents  the  successions  of  wet  aoJ" 
dry  periods  as  they  vibrate  back  and  forth  about  the  mean 
of  the  whole  period. 

Tlie  extreme  flnctuation  is  in  tlie  first  case  twenfy-eight 
per  cent,,  and  in  the  second  case  thirty  per  cent. 

36.  Local,  Physical,  and  Meteonilogrieal  IiiHii* 
enees.— The  above  statistics  give  suHicient  data  for  deter- 
mining api>roxiuiately  the  general  average  rainfall  in  any 
one  of  the  princijial  river-basins  of  the  States, 

There  are  local  influences  operating  in  most  of  the  main 
physical  divisions,  analogous  to  those  governing  rainfall  in 
the  grand  atmospheric  systems. 

Referring  to  any  local  watershed,  and  the  detailed  atndj 
of  such  is  oftenest  that  of  a  limited  gathering  ground  tribe 
tary  to  some  river,  we  liave  to  note  especially  the  meaif' 
temperature  and  capacity  of  the  atmosj^here  to  bear  vapor,^ 
the  source  from  which  the  chief  saturation  of  the  atmc 
phere  is  derived,  the  prevailing  winds  at  the  different 
sons,  whether  in  harmony  wnth  or  opposition  to  thediivction' 
of  this  source,  and  if  any  high  lands  that  will  act  as  con«_ 
densers  of  the  moisture  lie  in  its  path  and  fllch  its  vajxira^l 
or  if  guiding  ridges  converge  tlte  summer  showers  in  more 
than  due  proportion  in  a  favoi-ed  valley.  A  carefol  study 
of  the  local,  physical,  and  meteorological  influences  will 
usually  indicate  quite  unmistakably  if  the  mean  rainfall  of 
a  subordinate  watershed  is  greater  or  less  than  that  of  the 
main  basin  to  which  its  streams  are  tributary.  There  is 
rarely  a  sudden  change  of  mean  precipitation,  except  at  the 
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crest  of  an  elevated  ridge  or  the  brink  of  a  deep  and  nanow 
ravine. 

3T,  Vnifonii  Effects  of  Natiinil  Laws.  —  When 
etadies  of  local  rain  alls  are  toritinrd  to  mean  resnlts, 
neglecting  the  occasional  wid»^  departures  from  the  inlliK-iJce 
of  the  general  controlling  atmospheric  laws,  the  actions  of 
nature  s«^m  precise  and  regular  in  tlieir  successions,  and  in 
fact  we  find  that  tlie  governing  forces  hold  rf^siilts  witli  a 
firm  bearing  close  ni>on  their  appointed  line. 

But  occasionally  thpy  break  ont  from  their  accustomed 
course  as  with  a  convulsive  leap,  and  a  storm  rages  as 
though  the  windows  of  heaven  had  burst,  and  floods  sw^eep 
down  the  water-courses,  almost  irresistible  in  their  fury. 
If  hydraulic  constructions  are  not  built  as  firm  as  the  ever- 
lasting liills,  their  ruins  will  on  such  occasions  be  borne 
along  on  the  flood  toward  the  ocean, 

38,  Great  Rain  Htoriiin* — In  October,  1869,  a  great 
storm  moved  up  along  the  Atlantic  coast  from  Virginia  to 
New  York,  and  passed  through  the  heart  of  New  England, 
with  disastrous  effect  along  nearly  its  whole  course.  Its 
fall  at  many  i)oints  along  its  central  path  was  from . 

ht  to  nine  inches,  and  its  duration  in  New  England  wasj 
fiom  forty  to  fifty-nine  hours. 

In  August.  1874,  a  short,  heavy  storm  passed  over  east- 
[era  Connecticut,  when  there  fell  at  New  London  and  at 
[Norwich  twelve  inches*^  of  rain  within  forty-eight  hours, 
live  inches  of  which  fell  in  four  hours.     Such  storms  are 
I  me  upon  the  Atlantic  coast  and  in  the  Middle  and  West- 
em  States* 

Short  storms  of  equal  force,  lasting  one  or  two  hours, 
are  more  common,  and  the  flood  effects  from  tliem,  on  liiUy 


,  4Jly 
Inirit  in  the  TaUf-re  aad  §ticid  dMir  j 

99.  Muximum  Rafiat^  oT  FloodJi  to  Ihrftiftlln- 
Whem  tite  Miftw  of  m  sbsII  vatmiied  is  geMnlly  rod^,! 
43r  fmpemoiiii  or^  for  iiiilnioe,  vim  Ite  _ 
and  imocnr^fM]  bjr  abovt^  llie  muehDiuB  nii^  of  Tohoiie  ti 
Ikiir  tliioiigli  the  ooikt  cbaiiiipl  mar  iomA  two-thuds  of  tbe 
flfvmi^i  mU  of  f^cAiinie  of  hub  &Iliiig  i^oo  tte^rtliflriqg- 
gfomid* 

40.  Volume  of  Water  firom  ^ven  IUiiifaH&.— The 
mtm  of  ?olixfn<?  of  water  falling  per  mlmite,  for  the  lates  of 
miiira]!  jHfT  twimty-foor  houis,  indicated,  are  given  in  cubic 
feet  iM?r  minnte,  per  acre  and  per  square  mile,  in  the  follow- 
ing table : 

TABLE    No,    8. 

VoLtniE  or  RAiKrAtL  per  MixtrrE,  FOR  GIVEN  Inches  per  Twentt-^ 

rouR  Hours, 


JUmrALL  raa 

MlWlTl    ON 

V,                J 

Rainfall 

VoLtniK  m 

MfNlTTK    Of* 

MiHinrs  OK 

*4  MOUii, 

Omk  a  cum. 

i*                           ^    :L.|r. 

S4    MOllOk. 

Ons  Ackk. 

OtvKSg.  Milk 

Wfl"*-- 

Oi./00i. 

CitJM. 

/ndkm. 

fir./**/. 

Cm./0H. 

e.i 

.152 

161.55 

I 

2.521 

1615.31 

.» 

.504 

5"*67 

a 

5-<542 

3226.62 

i 

756 

484.01 

3 

7.563 

4840.00 

•4 

1,008 

<^4S-33 

4 

10.084 

6453-25 

i 

i,a64 

806.67 

S 

12.605 

8066.56 

'S'S 

968.00     i 

6 

15.126 

9679,87 

i 

1.765 

1122.73 

7 

17,647 

11293.18 

3.107 

1290,67 

8 

20,168 

12906*50 

'9 

3.969 

1450.00 

9 

22.689 

14529.81 

10 

25,200 

16153.12 

41.  Gaui»riii>r  llalnfalK'^A  pluviometer.  Pig.  6,  is  used! 
to  nuMi^un*  the  niimunt  of  min  that  falls  fmm  the  sky.    It  is 
i%  iliM»p,  i\vUndricnK  ojieii-topped  dish  of  biassL    Its  top 
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Fio,  6. 


wm. 


\ 


edge  is  thin,  so  it  will  receive  just  the  rain  due  to  the  sec- 
tioual  area  of  the  open  t^>p, 

A  convenient  size  is  of  two  inches  diameter  at  ez,  and  at 
6  of  such  diameter  that  its  sectional 
area  is  exactly  one-tenth  the  sec- 
tional area  at  a,  or  a  little  more 
than  one- half  inch. 

When  extreme  accuracy  is  i*e- 
quired,  the  diameter  at  a  is  made 
t*?n  inches  and  at  J  a  little  more 
Uxau  three  inches,  still  maintaining 
the  ratio  of  sectional  areas  ten  to 
aty*^  the  displacement  of  tlie  meas- 
uring-rod being  allowed  for. 

This  rain-gauge  should  be  set 
vertically  in  a  smooth,  open,  level 
ground,  and  the  grass  an)und  be 
kept  smoothly  trimmed  in  summer* 
The  top  of  a  ten-inch  gauge  is  set 
at  about  one  foot  above  the  surfiice 
of  the  ground,  and  of  smaller 
gauges,  clear  of  the  giuss  suriFace. 

The  gauge  should  be  placed  sufficiently  apart  from 
buildings,  fences,  trees^  and  shrubs,  so  that  the  volume  of 
rain  gathered  shall  not  be  augmented  or  reduced  by  wind- 
eddies. 

If  such  a  situation,  secure  from  interference  by  animals 
or  by  mischievous  persons,  is  not  obtainable,  the  gauge 
may  be  set  upon  the  flat  roof  of  a  building,  and  the  height 
re  the  ground  noted. 

The  measuring-rod  for  taking  the  depth  of  rain  in  h  is 
graduated  in  inches  and  tenths  of  inches,  so  that  when  the 
jectionjs  of  a  and  h  are  ten  to  one^  ten  inches  upon  the  rod 
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vTtli  one  ineb  of  actnal  rainfall,  and  one  inch 
on  the  rod  to  Qiie4aith  inch  of  rain,  and  one-tenth  on  iLe 
lod  to  one^haxidPEdth  of  rain. 

is  canight  in  a  cylindrical,  yertical-sided  dish,  not 

i  tban  ten  inches  diameter,  melted,  and  then  measnred  as 
rain.  Memanuidiuns  of  depths  of  snow  before  meltings 
with  dales^  me  pi^8erFed  also. 

It  has  been  obsenred  at  numerous  places,  that  elevated 
plnriometers  indicated  less  mm  than  tliose  placed  in  the 
neighboring  ground.  Wlien  there  is  wind  during  a  shower, 
the  path  of  the  drops  is  parabolic,  being  much  inclined  in 
tlie  air  above  and  nearly  vertical  at  the  surface  of  the 
ground.  A  circular  rain-gaugp,  held  horizontally,  presents 
to  inclined  drops  an  elliptic  section,  and  consequently  less 
effective  area  than  to  vertical  drops.  ^m 

The  law  due  to  height  alone  is  not  satisfactorily  estab-^"^ 
lished,  though  several  formulae  of  correction  have  been 
suggested,  some  of  which  were  very  evidently  based  uj^jl 
erroneous  measures  of  rainfall.  ^M 

The  observed  i-ainfall  at  Greenwich  Observatory,  Eng-i 
land,  in  the  year  1865,  is  reported,  at  ground  level,  23.8 
inches  dei)th  ;  at  22  feet  higher,  -807  of  that  quantity,  and     . 
at  60  feet  higher,  ,42  of  that  quantity.  ^M 

The  observed  rainfall  at  the  Yorkshire  Museum,  Eng-^" 
land,  in  the  years  18:^2,  1833,  and  1834,  is  reported,  for 
yi*iu'ly  average,  at  ground  level,  21.477  inches ;  at  44  feet 
higher,  .81  as  much,  and  at  213  feet  higher,  .606  as  much- 

Unless  vigilantly  watched  during  storms,  the  gauges  a 
liable  to  overflow,  when  an  accurate  record  becomes  impoi 
idbh^,    Overflow  cups  are  sometimes  joined  to  rain-gauges, 
near  their  tops,  to  catch  the  surplus  water  of  great  storms. 
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42.  Flood  Volume  Inversely  as  the  Area  of  the 

Ranin. — A  rain,  faUing  at  the  rate  of  one  inch  in  twenty- 

F^DHT  hours,  delivers  upon  each  acre  of  drainage  area  about 
-5  cubic  fe€»t  of  water  each  minute. 
If  upon  one  square  mile  area,  with  frozen  or  impemous 
surface,  there  falls  twelve  inches  of  rain  in  twenty  four 
liOttTS,  and  two-thirds  of  this  amount  flows  off  in  an  equal 
leuptli  of  time,  then  the  average  rate  of  flow  will  be  216 
«ob)e  feet  per  second. 

Any  artiticial  channel  cut  for  a  stream,  or  any  dam 

T)uiJt  acroas  it,  must  have  ample  flood- way,  overfall,  or 

K  -waste-sluice  to  pass  the  flood  at  its  maximum  rate. 

ft        The  rate  of  flotid  flow  at  the  outlet  of  a  watei'shed  is 

IP  usually  much  less  from  a  large  main  basin  tlum  from  its 

tributary  basms,  because  the  proportion  of  plains,  storage 

ponds,  and  pervious  soils  is  usually  greater  in  large  basins 

I  than  in  small,  and  the  flood  flow  is  consequently  distrib- 
uted through  a  longer  time. 
In  a  small  tributary  shed  of  steep  slope  the  period  of 
maximum  flood  flow  may  follow  close  after  the  maximum 
■  rainfall ;  but  in  the  main  channel  of  the  main  basin  the 
maximum  flood  effect  may  not  follow  for  one,  two,  three,  or 
more  days^  or  tmtil  the  storm  upon  its  upper  valley  has 
entin*ly  ceased. 

43*  Fonuulie  for  Flood  Volumes.— Tlie  recorded  flood 

ita  of  American  streams  are  few  in  numberj  but 
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upon  plottiQg  such  data  as  is  obtained,  we  find  their  m€ 
curve  to  follow  very  closely  that  of  the  equation, 

Q  :==  200  (M)S 

in  which  M  is  the  area  of  watershed  in  square  miles  and 
the  volume  of  dischaiige,  in  cubic  feet  per  second,  from 
whole  area. 

Thus  the  decrease  of  flood  with  increase  of  area  is  i 
to  follow  nearly  the  ratio  of  two  hundred  times  the 
root  of  the  fiitli  power  of  the  area  expressed  in  square" 
miles. 

Among  the  Indian  Professional  Papers  we  find  the 
lowing  formula  for  volume,  in  cubic  feet  per  second  ; 

Q:^e  X  27(M)4, 

in  which  c  is  a  co-eflBcient,  to  which  Colonel  Dickens 
given  a  mean  value  of  8.26  for  East  Indian  practice. 

Testing  this  formula  by  our  American  curve,  we  find  the 
following  values  of  c  for  given  areas : 


AfMiasq.niaes., 

Valu«cif<r........ 


9-33 


3. 
10.66 


4.    I    6. 
ii.76|i3*4ti 


8. 

i4,«3 


so.      15. 

15.9$  18.36 


•o.     30. 

90.I]  23.0* 


>5»33 


S7.S8;  31.96 


Mr.  Dredge  suggests,  also  in  Indian  Professional  Papers, 
the  following  formula : 

M 

Q  =  1300  £, 


in  which  L  is  the  length  of  the  watershed,  and  M  the  area_ 
in  square  miles. 

Our  formula,  modified  as  follows,  gives  an  approximate" 
flood  volume  per  square  mile,  in  cubic  feet  per  second : 

20QtM)^ 
^  -      M 
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in  which  M  is  the  area  of  the  given  watershed  in  square 
miles. 

44.  Table  of  Flood  Yolumes. — Upon  the  average 
New  England  and  Middle  State  basins,  maximum  floods 
may  be  anticipated  with  rates  of  flow,  as  per  the  following 
table: 

TABLE    No.    9. 
Flood  Volumes  from  given  Watersheds. 


Flood  Discharge  pbk 

Aiu  OP  Watbk- 

SHEO. 

Flood  Dischakcb 
Q  =  9oo(M)*- 

Squarb  Mile, 
"          M. 

Flood  Disohascb 
PER  Acre. 

Sf.  MiUs, 

Cm.  Fettper  Secmui. 

Cu.  Feet  per  StC9nd. 

Cu,  Feet  per  Minute. 

0.5 

112 

225.00 

21.10 

I 

200 

200.00 

18.75 

2 

356 

178.20 

16.75 

3 

500 

166.53 

'5-^5 

4 

63s 

158.75 

14.86 

6 

890 

148.37 

iZ'9^ 

8 

1131 

141.42 

13.26 

10 

1362 

136.26 

12.48 

^5 

I9IO 

127.33 

11.94 

20 

2428 

121.40 

11.38 

25 

2924 

117.00 

11.97 

30 

3404 

"3-47 

10.64 

40 

4326 

108.15 

10.14 

50 

5210 

Id4.i6 

9.77 

75 

7304 

97.39 

9.15 

100 

9283 

92.83 

8.72 

200 

16542 

82.71 

7.77 

300 

23190 

77.30 

7.26 

400 

29480 

73.70 

6.93 

500 

3SSOO 

71.00 

6.67 

600 

41320 

68.87 

6.46 

800 

52520 

65.65 

6.16 

1000 

63242 

63.26 

5.94 

1500 

88680 

59.12 

5.55 

2000 

112700 

56.35 

5.29 

3000 

158000 

52.67 

4.94 

4000 

200900 

50.20 

4.72 

5000 

241800 

48.36 

4.54 
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45.  Seasons    of  Floods.— Great    floods   occur  ol 
when  peculiar  combinatioiis  of  circumstances  favor  sue 
result. 

A  knowledge  of  the  magnitude  of  the  floods  upon  an; 
river,  and  of  their  usual  season,  is  invalnable  to  the  director 
of  constructions  upon  that  stream,  to  enable  him  to  take  such 
pi'ecautionary  measures  as  to  be  always  prepared  for  them 
Such  knowledge  is  also  requisite  to  enable  him  to  compu 
the  Btoi^age  capacity  requirerl  to  save  and  utilize  such  fl< 
or  to  calculate  the  aecrional  area  of  waste  weir  requi 
upon  dams  to  safely  i>ass  tlie  same. 

Long  livers,  liaving  their  sources  upon  northern  moun- 
tain slopes,  have  usually  well-known  seasons  of  flood,  de-     ^ 
pendent  upon  the  melting  of  snows  ;  bixt  small  watershfxls^H 
in  many  sections  of  America  are  subject  to  flood,  alike,  at 
all  seasons. 

46.  Iiifliieuee  of  Absorption  and  Evaporation 
upon  Flow.^ — ^The  rainfall  upon  the  Atlantic  coast  and 
upon  the  Mississippi  valley  appears  comparatively  uniform 
when  noted  in  its  monthly  classification,  but  the  abDity  of 
any  one  of  tiieir  watersheds  to  su])ply,  from  flow  of  stream, 
a  domestic  demand  equal  to  its  mean  flow  is  by  no  means 
as  luiiibrm* 

We  have  seen  that,  according  to  the  statistics  quoted^ 
the  consumption  of  water  is  not  as  uniform,  wlien  noted  by 
monthly  classifiration,  as  is  the  monthly  rainfall.  When 
lesser  classifications  of  rainfall  and  consumption  are  com- 
pai'ed,  there  is  scarce  a  trace  of  identity  in  their  plotted 
irregular  profiles. 

Evapomtion,  though  comparatively  uniform  in  its 
monthly  classification^  is  verj^  ii-reguJar  as  observed  in  its 
lesser  periods. 

In  the  spring  and  early  summer,  ivhen  vegetation  is  ia 
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mo^t  tliriity  grow  til,  the  innumerable  rootlets  of  flowers,] 
gnis.sef;,  glirubs,  and  forests,  gather  in  a  large  proportion  of  * 
minfalL  ami  ]>as8  it  through  tlieir  arteries  and  back  into^ 
tlie  atinosx)here  beyond  i*each  for  animal  uses. 

47,  Flow  ill   Hea^ous  of  Minim luii   Itaiiifall* — In 

thering,  basins  baring  limited  pondage  or  available 
"nfcorage  of  rainfall,  the  flow  from  minimum  annual,  and 
miuimnro  periodic  rainfall  demands  esj>ecial  study.  Occa- 
sionally the  annual  rainfall  continues  lese  than  the  general 
mean  through  cycles  of  ttiree  or  four  years,  as  is  indicated 
in  the  above  diagram  of  curves  of  secular  rainftxlL  The 
mean  rain  of  such  cycles  of  low-rainfall  is  occasionally  lesSj 
than  eight*tentbs  of  the  general  mean. 

We  have  selected  for  data  upon  this  point  the  rainfall 
records  of  twenty-one  stations,  of  longest  obsenation  in  thej 
United  States,  at  various  points  from  Maine  to  Louisiana 
and  from  California  to  Sitka.     The  computation  gives  the 
annual  rainfall  of  the  least  three-year  cycle  at  any  one  of  I 
tbeee  points  as  .67  of  the  general  mean  annual  rain  at  the 
|«ime  point.,  and  annual  rainfall  of  the  greatest  three-year  j 
law  cycle  as  .97  of  tlie  general  mean  at  the  same  point.     An 
averagi*  of  all  these  stations  gives  the  tliree-year  low  cycle 
raiufiall  as  .81  of  the  average  mean  annual  rainfall 

4«.  Period ie  Clansiflcation  of  Rainfall  Available 
in  Flow» — Next,  the  rainfall  and  the  portion  of  it  that  can 
be  made  available,  demands  especial  study  in  its  monthly, 
or  le«8  periodic  classification.  It  is  desimble  to  know  the 
ratio  of  each  month's  average  fall  to  the  mean  monthly  fall 
for  the  year,  and  the  percentage  of  this  fall  that  is  exempted 
from  absorptions  by  vegetation  and  evaporations  into  the 
Stmoqihere,  and  that  flows  from  springs,  and  in  tlie  streams, 
isitioe  it  IS  ordained  by  Nature  that  the  lily  and  the  oak 
with  their  seed,  shall  first  bt*  supplied  and  the  atmospheric 
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processes  be  maintaiiied,  and  the  surplus  rain  be  dedicated ' 
to  the  animal  creation,  as  their  necessities  demand  and 
ingenuities  permit  them  to  make  avaUable.  ^ 

49.  Suh-8urface  EqualizerH  of  Flow.— The  inter- 
stices of  the  soils  and  the  crevices  of  the  rocks  were  filled 
long  ages  ago,  and  now  regularly  aid  in  equalizing  the  flowj 
of  the  springs  and  streams  without,  to  any  considemble 
extent,  affecting  the  total  annual  flow,  yet  their  influence  ii 
obeeiTable  in  cycles  of  droughts  when  the  suVsurfiix^e  watei] 
level  is  drawn  slowly  down. 

Tlie  substructure  of  each  given  watershed  has  its  indi- 
vidual storage  peculiarities  whicli  may  increase  or  diminish 
the  monthly  flow  and  degree  of  regularity  of  flow  of  its 
streams  to  an  important  extent 

If  a  ix>rous  subsoil  of  great  depth  and  storage  capacit 
is  overlaid  with  a  thin  crust  of  soil  through  which  wat€ 
percolates  slowly,  a  great  flood-rain  may  fall  suddenly  ov«^ 
the  nearly  exhausted  sub-reservoir  and  be  run  off  to  the 
rivers  without  replenishing  appreciably  the  waning  springa^M 
or  increasing  their  flow  as  would  an  ordinary  slow  rainfall.™ 

Oil  tlie  other  hand,  if  its  surface  soil  is  open  and  absorb- 
ent, it  may  be  able  to  receive  nearly  the  whole  flood  and 
distribnte  it  gradually  from  its  springs, 

Tlie  early  simliiig  over  of  the  subsoO  by  winter  frost 
befon>  the  usual  subterranean  storage  has  accumulattK 
fnun  winter  stonns,  or  a  shedding  of  the  melting  snows  in 
spring  by  a  like  frost-crnst,  may  result  in  a  diminished  flow 
of  the  dtx^p  springs  in  the  following  summer,  hJ 

8nbsi»iLs  tliat  exlianst  themselves  in  ordinary  seasons 
an*  comjmmtivcly  valueless  to  sustain  the  flow  in  the  second^ 
and  thinl  y t^im  of  cycle  drouglits.  fl 

SttH^p  and  imiHTvious  earths  yield  no  springs,  but  gather 
tlii*lr  watera  rapidly  in  the  dmiuing  streama. 


lid 
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50.  Flashy  and  Hteady  StreaiHH, — Upon  the  steep 
and  rocky  watersheds  of  northern  New  Hampshire,  we  find 
extreme  examples  of '* flashy'*  streams  that  are  furious  in 
0torm  and  vanish  in  droughts. 

Upon  the  saturated  sands  of  Hempstead  Plains  on  Long 
Island,  N.  Y.,  we  find  an  opposite  extreme  of  constant  and 
evi*n  flow,  where  a  great  underground  mserroir  oo-exteusive 
with  its  suppljnng  waten^hed,  feeds  its  streams  with  remark- 
able uniformity.  d 

Almost  all  degrees  of  constancy  and  fickleness  of  flow 
are  to  he  found  in  the  several  sub-section  streams  of  any 
one  of  our  great  river  basins. 

tH*  Peculiar  Watei-Hhecls, — The  extremes  or  results 
from  peculiar  watersheds,  are  in  all  cases  to  be  considered 
a^  extremes  when  their  individual  merits  and  capacities  of 
Bupply  are  investigated,  and  the  investigation  may  often 
take  the  direction  of  determining  the  relations  of  its  results 
ta  reetults  from  a  general  mean,  or  ordinary  watei-shed, 
aspecially  as  respt^cts  its  mean  temperature,  its  mean  hu- 
midity of  atmosphere,  the  direction  from  whence  its  storms 
come,  the  frequency  of  its  storm  winds,  the  extent  of  its 
stonus  in  the  different  seasons,  the  imper^iousness  or  the 
parosity  of  its  soils  and  rocks,  the  proportions  of  its  sta^p, 
gently  undulating,  and  flat  surfaces,  and  also  it  is  to  be 
obseired  if  it  can  be  class<xl  among  those  rare  instances  in 
which  one  watershed  is  tributary  as  giver  to  or  R»ceiver 
from  another  basin,  involving  an  investigation  of  its  geo- 
logic^ substructure.  ■ 

5!i.  HiuimiarfeM  of  Monthly  Flow  StatiHties,— 
We  have  analyzed  some  valuable  statistics  of  montljly 
iminfidlfi,  and  measured  flow  of  streams  in  Ma.ssachusetts 
and  New  York  State,  wliich  are  too  voluminous  for  n?pro- 
dncdan  here,  and  present  the  deduced  results.    The  records 
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are,  first,  from  a  report  by  Joa  P.  Davis,  C.  E.,  relating  to 
the  watershed  of  Cochituate  Lake,  which  has  supplied  the 
city  of  Boston  with  water  until  supplemented  in  1876  from 
the  Sudbury  River  watershed ;  second,  from  a  table  com- 
piled by  Jas.  P.  Karkwood,  C.  E.,  relating  to  the  watershed 
of  Croton  River  above  the  Croton  Dam  ;  and  third,  fi^m  a 
paper  read  by  J.  J.  R.  Croes,  C.  E.,  before  the  American 
Society  of  Civil  Engineers,  July,  1874,  relating  to  the  water- 
shed of  the  West  Branch  of  the  Croton  River. 

Additional  statistics  relating  to  Sudbury  River  are  given 
on  page  83a. 

The  summaries  are  as  follows : 


TABLE     No.     lO. 
Summary  of  Rainfall  upon  the  Cochituate  Basin. 

Average  annual,  55.032  inches ;  average  monthly,  4.586  inches. 
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TABLE     No.    1  1. 
SrMMARv  OF  Rainfall  upon  the  Croton  Basin. 

f  inches ;  aTei«c^  moodily,  4.027  indies. 


Axcm^fc  annual,  4^497 

s 


I 


■ 


A  I  4  I  < 


llMt«^  «M  WhM^lHlV 


m        »•.       im.       im.      Afc,       rf^    I   ik. 

♦  M     ,%»*^     .^.»^     .t.«     A^     4.^     4.31     &ei 

-^      •-      i»o      #.4»     4  7*      Tit     IS      *^ 


4.** 


x.^\^       VA4       4^*     1*>I*      6.tf      t^t» 
'***       H.^     »*4d      .*!»    i^tiji    i-fit*    ueu   t.4y7    lqi 


4.70 
-7* 

Lttt 


3*«J 


i 


3.60 


5.0Q      1.16 
'90J      .851 


SUMMARIES   OF   MONTHLY    FliOW    STATISTICS. 


73 


TABLE    No.    12. 

SUMMABY  OF  RAINFALL  UPON    CrOTON  WeST-BrANCH   BaSIN. 

Average  annual,  44.499  inches ;  avenge  monthly,  4.039  inches. 
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TABLE     No.     13. 

Summary  of  Percentage  of  Rainfall  Flowing  from  the  Cochit- 

UATE  Basin. 

Average  percentage  of  average  annual  rain&ll  flowing  off,  45.6. 
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TABLE     No.     14. 

Summary  of  Percentage  of  Rainfall  Flowing  from  the  Croton 

Basin. 

Average  percentage  of  avenge  annual  rainfall  flowing  off,  57.47. 
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TABLE     No.    18. 

Summary  of  Percentage  of  Rainfall  Flowing  from  the  Crotoi 
West-Branch  Basin. 

Arenge  percentage  of  aTerage  annnal  rainfidl  flowing  off,  70^98. 
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TABLE     No.    16. 

Summary  of  Volume  of  Flow  of  Rainfall  from  the  Cochituatk 
Basin  (in  cubic  feet  per  minute  per  square  mile). 
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1 

i 

4S^«7 
«54 

^54»S7 

^3 

t 

109.99 
.S3»4 

■4S7 

36.43 

"3*34 
.666 

1 

1 

McA[l+ 

473* 

'05-39 
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TABLE     No.    17. 

Summary  of  Volume  of  Flow  of  Rainfall  from  the  Croton 
Basin  (in  cubic  feet  per  minute  per  square  mile). 


J5?*," ",  'S'  4&  M/.ftg  "77'"»  ijs-^'i  >^^ 

Minimum 48.08    40.6s    y^.aj   S|^j  LoS.a| 

Maximum it?.?!  a^i-oi  13  709  iM-w  aqS^gft 

RatU)  o(  month])'!  ' 


.Si 6^   1.31,^   1. 579 1   i.iij 


14*7 


fW^,  ^s/*'  *"/'' 

11511  |£i7 
34^«J  ld.4« 
aa+33  *ir^ 


1<<W7 


^31 


CH^.  fS^. 


n.91 
7^ 


it.. 

it.oS 
.7^ 


6t4i 
aoi*jp 

1,114 


t4«,a4 


H   |L 


t^$$w#^ 


■ 
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TABLE     No.     18. 

SuMiiARY  OF  Volume  of  Flow  of  Rainfall  from  the  Croton 

West-Branch  Basin  (in  cubic  feet  per  minute  per  square  mile)* 


J 


,'. ' 


^ 

s 


i 


HeuL. 


>  372.60 

^_, ,  sa  146,04 

M&niaum        —  347^1 37W.90  39003 1463,98 
of  moatbJIy 

1.Q4X 


■^./f.  cujt,  cuji.  cu^/t.  cu^t.  cuj^. 


i«ai3    ^-VH 


161.60^103,86 
06.191  45,  if 
394  9aa«».o< 


17W 


I-OS9 


.6S0 


40.00  103.1a 


i9-a6 
85.56 


.a6a 


9.(36 
281,04 


I 


.676 


147.59    96.96  107.85  164.07 

5,i6|  a7^8|     5.92,  50.8S 

477  gg  a 7ra6  103.28  >99.i6 


.967      .6311     ,707 


1.07s 


53.  SUiiiiutmi,  Mean,  and  Flood  Flow  of  Sti-eams* 

— An  analysis  of  the  published  records  of  volumes  of  water 
flowing  in  the  streams  in  all  the  seasons  has  Km!  to  the  fol- 
lowing approximate  estimate  of  volumes  of  flow  in  the  aver- 
age Atlantic  coast  hasins : 

The  minimum  refers  to  a  fifteen  days'  period  of  least 
Slimmer  flow. 

The  TMan  refers  to  a  one  hundred  and  twenty  days' 
periodt  covering  usually  July,  August,  September,  and 
October*  beginning  sometimes  earlier,  in  June,  and  ending 
sometimes  later,  in  November. 

The  m4ijni7ium  refers  to  flood  volumes. 


TABLE     No.     19. 
ESTTHATES  OF  MINIMUM,  MeAN»  AND   MAXIMUM   FlOW  OF   STREAMS. 


1 

Mta.  in  ctL  ft  per 

Mean  tn  cu,  ft.  per  Mul  in  cu  ft.  per 

k 

sec  per  sq.  mi. 

sec.  per  sq.  mi 

sec  per  «;.  tax. 

Area  of  watershed,     i  sq.  mi. 

.083 

1. 00 

200 

**      -           *^          xo      « 

.1 

.99 

136 

: ^5  " 

.11            1 

.98 

117 

«    *♦       •*       50    " 

.14 

*97 

104 

**    ••        *'      100    " 

.18 

•95 

93 

i  «   u      «     ^^^   « 

•25 

.90 

80 

1  -   -      -     500   -* 

■30 

.87 

71 

1  **    **        "1000    *• 

•35 

.82 

63 

r  •*    •*       "    1500    " 

.38 

.80 

59 

«    «       -    2000    '• 

,41 

•79 

S6 
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This  table  refers  to  streams  of  average  natural  fKnida- 
aiid  retfUtivenesB  of  soi],  but  excludes  effects  of  artilicL 
storage.    The  tlnctuations  of  streams  will  be  greater  t 
indicated  by  the  table  when  prevailing  slopes  are  steep  and 
rocks  impervious,  and  less  in  rolling  country  with  perviou 
soils. 

54.  liatios  of  Monthly  Flow  in  Streams.— A  care- 
ful analysis  of  the  published  records  of  montlily  flow  of  tlie 
average  Atlantic  coast  streams  leads  to  the  following  ap- 
prfiximate  estimate  of  tde  mtio  of  the  monthly  mean  rain 
fall  that  flows  down  the  sti^anis  in  each  given  month  of  Hi 
year,  in  which  due  consideration  of  the  evaporation  from 
soils  and  foliage  in  very  dry  seasons  has  not  been  neglect 


TABLE     No.     20. 

Mojn-Hty  Ratios  of  Flow  of  Streams, 


1 

< 


>, 

3 


9 


RAtio  of  ftow 


t.6s 


x^$o 


i.6s      t^S 


7S 


*35 


^5 


Here  unity  equals  the  Tfiean  monthly  flow,  or  one-twelfth 
the  mean  annual  flow. 

To  compute,  approximately ,  the  inches  depth  of  rain 
flowing  in  the  streams  each  month,  one-twelfth  the  mean 
annual  min,  at  the  given  locn^lity,  may  be  multiplied  by  the^^J 
mtios  in  the  following  table.  For  illustration,  a  meau^^ 
annual  rain  of  40  inches  depth,  giving  3, 333  inches  mean 
montldy  depth,  is  assumed,  and  the  available  flow  of  streain 
expressed  in  inches  depth  of  rain  is  added  after  the  ratios. 
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TABLE     No.     21. 
Ratios  or  Mean  Monthly  Rain,  and  Inches  of  Rain  Flowing ] 

EACH    MONIH. 


RaliuvofaHan 


Of  T 


Si^tit-teiitikB 


s 

1 

i 

7^ 

i. 

< 

i 

1 

1 

J 

S 

55 

;  .a.5 

■750  1 

Ms 

.7«S 

.435 

tJ75 

.175 

,«s 

.ISO 

.aas 

*- 

'•■IS 

9,90 

MS 

a.4» 

r,ii 

t,>5 

0.59    1 

<9^4l 

0.50 

0.75 

t.00 

1- 

»4» 

»,ma 

«-«J 

1*13 

1.00 

<M7 

0.33 

<MO 

a€o 

i.fe 

.800 

1.13 


For  low-cycle  years,  use  eight-tenths  (§  47)  tlie  available] 
moDthly  depth  of  rain  flowing- 

55.  Mean  Annual  Flow  of  Streams*— When  month- 

data  of  the  flow  of  any  given  stream  is  not  obtainable,  it 

^may  ordinarily  be  taken  upon  avemge  drainage  ar^^as,  for 

an  annual  tiow,  as  equal  to  fifty  per  cent,  of  tlie  annual 

rainfalK 

Or,  for  different  siirfacea,  its  ratio  of  the  annual  rain,  ^ 
Indnding  floods  and  flow  of  springs,  is  more  approximately  j 


FroFii  mountain  slopes,  or  steep  rocky  hills 80  to  .90 

Wooded^  swampy  lands 60  to  .80 

Undulating  pasture  and  woodland 50  to  .70 

Flat  cultivated  lands  and  prairie 45  to  .60 

Since  stations  for  meteorological  observations  are  now 
[•established  in  or  near  almost  all  the  popuhuis  neighbor- 
lirjndH,  and  some  of  the  stations  liavt^  already  been  <:*stab-  ^M 
Ibhed  more  than  a  quarter  of  a  century,  it  is  easier  to  obtain  ^1 
^data  r»»lating  to  minfall  than  to  the  flow  of  streams.  In 
kflMJt,  the  required  data  relating  to  a  given  stream  is  rarely 
^0blai]iablp9  and  the  estimates  relating  to  the  capacity  and 
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reliability  of  the  stream  to  famish  a  given  water-supply 
must  necessarily  be  quite  speculative.  ^j 

56*  Estimates  of  Flow  of  Streams. — In  such  caseJH 
an  estimate  of  the  capaeity  of  a  stream  to  deliver  into  a 
reservoir,  conduit,  or  pump-well  is  computed  according  to 
some  scheme  suggested  by  extended  observations  and  study 
of  streams  and  their  watersheds,  and  long  experience  in  the 
construction  of  water  supplies.  ^| 

The  first  recomioissance  of  a  given  watershed  by  an  ex- 
pert in  liydrology  will  ordinarily  enable  him  to  judge  verj^ 
closely  of  its  capacity  to  yield  an  available  and  suitable 
water  supply ;  for  his  comprehension  at  once  grasps  its 
geological  structure,  its  physical  features  and  its  usual 
meteorological  phenomena,  and  his  educated  judgment 
supplies  the  necessary  data,  as  it  were,  instioctively. 

If  the  estimate  of  flow  of  a  stream  must  be  worked  up 
from  a  survey  of  the  wati?rshed  area  and  the  mean  annual 
rainfall,  as  the  principal  data,  then  recourse  may  be  had  to 
the  data  and  estimates  given  above,  relating  to  the  question, 
for  average  upland  basins  of  one  hundred  or  less  square 
miles  area. 

In  illustration,  let  us  assume  a  basin  of  one  square  mUe 
area,  liaving  a  forty -inch  average  annual  rainfall,  and  then 
proceed  with  a  computation.  This  is  a  convenient  unit  of 
area  upon  whicli  to  base  computations  for  larger  areas. 

The  mtios  of  the  three-year  low  rain  cycles  gives  their 
mean  rainfall  as  about  eight-tenths  of  the  general  mean 
rainfall.  We  assume  it  to  be  eighty  i>er  cent  The  mean 
annual  flow  of  the  strc^am  we  assume  to  be  fifty  per  cent,  of 
the  annual  rainfall.  Eight-tenths  of  fifty  per  cent,  gives 
forty  percent,  of  the  annual  rainfall  as  the  annual  available 
flow  of  the  stream,  and  forty  per  cent  of  the  forty  inches 
rainfall  gives  an  equivalent  of  sixteen  inches  of  rainfall 
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flowing  dovm  the  stream  annnally.  The  monthly  average 
flow  is  then  taken  as  one-twelftli  of  sixteen,  or  one  and  one* 
third  inchea  Our  estimated  motitUy  percentage  of  mean 
flow,  as  given  above  (|  54),  is  sometimes  much  in  excess 
and  sometimes  less  than  the  monthly  average.  Flows  less 
than  the  mean  are  to  be  compensated  for  by  a  proportion- 
ate increase  of  storage  above  the  mean  storage  requiied. 
The  monthly  computations  are  as  follows : 

-,     ^, ,                    40  inches  x  50  percent,  x  .8       ^  ^^ 
Monthly  mean  = iTnimk^ =  ^-^^ 

mehes  average  available  rain  monthly.  Tliis  average  mul- 
tiplied by  the  respective  ratios  of  flow  in  each  month  gives 
the  inches  depth  of  available  rain  flowing  in  the  respective 
months,  thus: 


Mkaw  McnmcLY 

RAlMrALL. 

January..  1.333 
Fcbniary  " 

March ...-,       ** 

April *• 

M«f. .-,.       •* 

June...,....,-..       " 

July *• 

Angusx,,,. " 

r  September *' 

,  October " 

Kovembc-!  ** 

December ** 


RBsrscnvs 
Ratios, 


Inches  Devtii  or-^ 
AvAiuAiiLB  Raw 
Flowing      bach 
MoKTH, 


Again,  uniting  the  congtants,  we  have 


,8  X  m 
12 


=  .0333, 


wbleli,  multiplied  by  the  respective  ratios  of  monthly  flow, 
thuB :  Jan.,  .0333  x  1.66  =  *066,  etc.,  gives  directly  the  mean 
ratio  of  the  low  cycle  annual  rainfall  that  is  available  in  the 
0tream  eaish  month. 
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Plow  m  Cu.  Ft.  nst 
Minute  pbr  Sq.  Mu 
IN  BACH  Month. 

Jan 40  inches     x  .055  =  2.20  inches  depth  =  116.60 

Feb "  X  .050  =  2.00  **  =  106.00 

March...  "  x  .055  =  2.20  "  =  116.60 

April  ...  "  X  .0483  =  1.93  "  =  102.29 

May "  X  .0283  =  1.13  «  =  5989 

June "  X  .025  =  1.00  "  =  53.00 

July "  X  .012  =  .47  "  =  24.91 

Aug "  X  .0083  =  .33  "  =  1749 

Sept "  X  .010  =  .40  "  =  21.20 

Oct "  X  .015  =  .60  "  =  31.80 

Nov "  X  .040  =  1.60  "  =  84-80 

Dec "  X  .0533  =  2.14  "  =  113-42 

Total,     16.00  inches.         Mean,    70.67  cu.  ft. 


67.  Ordinary  Flow  of  Streams. — ^Mr.  Leslie  haa 
proposed*  an  arbitrary  rule  for  computing  the  "average 
summer  discharge"  or  ''ordinary"  flow  of  a  stream,  from 
the  daily  gaugings,  as  follows : 

''  Range  the  discharges  as  observed  daily  in  their  order 
of  magnitude. 

''  Divide  the  list  thus  arranged  into  an  upper  quarter,  a 
middh?  half,  and  a  lower  quarter. 

''  Tlie  discharges  in  the  upper  quarter  of  the  list  are  to  be 
considered  as  Jloods^  and  in  the  lower  quarter  as  minimum 
flows, 

''  For  each  of  the  gaugings  exceeding  the  average  of  the 
middle  half,  including  flood  gaugings,  substitute  the  average 
of  the  middle  half  of  the  Ust^  and  take  the  mean  of  the 
whole  list,  as  thus  modified,  for  the  ordinary  or  average 
discharge^  exclusive  offlx>od'Waiersy 

This  rule  applied  to  a  number  of  examples  of  actual 
measurements  of  streams  in  hiUy  English  districts  gave 
computed  ordinary  discharges  ranging  from  one-fourth  to 

*  Minutes  of  Proceedings  of  Institution  of  Civil  Engineers,  Vol.  X,  p.  827. 
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third  of  the  meamired  mean  discTiarge^  including 
Jloods. 

The  ordinary  flow  of  New  England  streams  is,  at  an 

^rerage,  equivalent  to  about  one  million  gallons  i>er  day 

per  square  mile  of  drainage  area,  which  expressed  in  cubic 

feet,  equals  about  ninety-two  cubic  feet  per  minute  per 

square  mile. 

The  above  computation  for  the  average  flow  in  low  cycle 
years  gives  a  little  less  than  eight-tenths  of  this  amount,  or 
seventy-one  cubic  feet  i>er  minute  per  square  mile  as  the 
average  flow  throughout  the  year,  and  a  little  less  than  one- 
fourth  this  amount  as  tlie  mininnmi  monthly  flow.* 

58.  Tables  of  Flow  Equivalent  to  Given  Depths 
of  Rain, — To  facilitate  calculations,  tables  giving  the 
tquivalents  of  various  depths  of  monthly  and  annual  rain- 
fidls,  in  even  continuous  flow,  in  cubic  feet  per  minute  per 
acre,  and  per  square  mile,  are  here  inserted. 

Greater  or  less  numbers  than  those  given  in  Tables  22 
and  2S  may  be  found  by  addition,  or  by  moving  the  decimal 
pclnt ;  thus,  from  Table  22,  for  40,362  inches  depth,  take 

Depth,  30  inches  =  1590,204  cu,  ft 

10  **      ^    530.068       " 

,3  "      =       i5'9<>2       " 

.06         "      =        3.180      " 

.002       "      — ^106       " 

40.362  inches  =  2139.460  cu.  ft 

To  reduce  the  flows  in  the  two  tables  to  equivalent  vol- 
tunes  of  flow  for  like  depths  of  rain  in  oxk  day,  divide  the 
flows  in  Table  22  by  30.4369  flog.  =  1.4834<X>),  and  divide 
the  flows  in  Table  23  by  365.2417  (log.  ^  2.562581). 


l^  6iwie  ufieful  data  relatingr  to  the  flow  of  certain  Bntisli  aod  Continental 
may  be  found  In  Beardmore's  **  Manual  of  Hydrology/'  p,  140  (Lon- 
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TABLE    No.    22. 

Equivalent  Volumes  of  Flow,  for  given  Depths  of  Rain  in 

One  Month.* 


nc  Onb  Month. 

EquiVALBNT  Flow  in 
Cubic     Fbbt    pbk 

bic  Fbbt  tem  Mimnv 

Equivalbnt  Flow  in  Co- 
bic  Fbbt  pbk  Month  pbb 

Minute  pbb  Ackb. 

PBK  Squabb  MnA 

Squabb  Miuk 

IncJUs, 

.01 

.00083 

.530 

23^232 

.02 

.00166 

1.060 

46,464 

•03 

.00248 

1.590 

69,696 

.04 

.00331 

2.120 

92,928 

•05 

.00414 

2.650 

116,160 

.06 

.00497 

3.180 

139*392 

.07 

.00580 

3710 

162,624 

.08 

.00662 

4.240 

185,856 

.09 

.00745 

4.770 

209,088 

.1 

.00828 

5-3007 

232,320 

.2 

.01656 

10.6014 

464,640 

•3 

.02484 

15.9020 

696,960 

.4 

•033" 

21.2027 

929,280 

•5 

.04140 

26.5034 

1,161,600 

.6 

.04968 

31.8041 

1,393,920 

•7 

.05796 

37.1048 

1,626,240 

.8 

.06624 

42.4054 

1,858,560 

•9 

.07452 

47.7061 

2,090,880 

I.O 

.0828 

53-0068 

2,323,200 

2 

.1656 

106.0136 

4,646,400 

3 

.2484 

159.0204 

6,969,600 

4 

'Z^^2 

212.0272 

9,292,800 

5 

.4140 

265.0340 

11,616,000 

6 

.4968 

318.0408 

13,939,200 

7 

.5796 

371.0476 

16,262,400 

8 

.6624 

424.0544 

18,585,600 

9 

•7452 

4770612 

20,908,800 

10 

.828 

530.068 

23,232,000 

20 

1.656 

1060.136 

46,464,000 

30 

2.484 

1590.204 

69,696,000 

•  One  month  is  taken  eqiuJ  to  80.4889  days. 
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TABLE    No.    28. 
XJTJIVALENT   VOLUME   OF    FLOW,    FOR   GIVEN    DEPTHS    OF    RaIN    IN 

One  Year.* 


>ErTH$  or  Rain 
ix  Onb  Ybax. 

Eqi'iVALXNT  Flow  im 
Cl'bic     Fbbt     pbk 

Equivalbnt  Flow  in  Cu- 
bic  Fbbt  pbr  Minutb 

Bic  Fbbt  pbr  Ybab  pbb 

MlNim  PKR  ACKB. 

PBB  Squarb  Milb. 

Squarb  Milb. 

Inckts, 

.01 

.000069 

.0442 

^ly^l^ 

.02 

.000138 

.0883 

46,464 

•03 

.000207 

•1325 

69,696 

.04 

.000276 

.1767 

92,928 

•05 

.000345 

.2209 

116,160 

.06 

.000414 

.2650 

i39>392 

.07 

.000483 

.3092 

162,624 

.08 

.000552 

•3534 

185,856 

.09 

.000621 

•3976 

209,088 

.1 

.00069 

.4417 

232,320 

.2 

.00138 

.8834 

464,640 

•3 

.00207 

1-3252 

696,960 

•4 

.00276 

1.7669 

929,280 

•5 

.00345 

2.2086 

1,161,600 

.6 

.00414 

2.6503 

^393*920 

.7 

.00483 

30921 

1,626,240 

.8 

.00552 

3.5338 

1,858,560 

•9 

.00621 

3.9755 

2,090,880 

i.o 

.0069 

4.4172 

2,323,200 

.0138 

8.8345 

4,646,400 

.0207 

13.2517 

6,969,600 

.0276 

17.6689 

9,292,800 

•0345 

22.0862 

II, 616, coo 

.0414 

26.5034 

13,939^200 

7 

.0483 

30.9206 

16,262,400 

8 

•0552 

35.3379 

18,585,600 

9 

.0621 

39.7551 

20,908,800 

10 

.069 

44.1723 

23,232,000 

20 

.138 

88.3447 

46,464,000 

30 

.207 

132.5170 

69,696,000 

40 

.276 

176.6894 

92,928,000 

50 

•345 

220.8617 

1 16, 1 60,0c 0 

60 

.414 

1 

265.0340 

139-392,000 

*  One  year  U  taken,  equal  to  865  days,  5  hours,  49  minutes. 
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TABLE     No.    23a. 
Statistics  of  Flow*  of  Sudbury  Rtver,  Mass. 


Yea«s. 


1875. 


1876. 


1877. 


Z878. 


t879. 


Yearir  raiofkll.  inches 

Yearly  flow  in  cubic  feet  per  second  per 
square  mile 

I'eTcenUgc  ot  lotal  nun£d]  flowing 

Inches  of  rainikll  flowing 

Minimum  flow  in  any  month  m  cubic  feet  per 
second  per  square  mile 

Minimum  flow  in  any  week  in  cubic  feet  per 
second  per  square  mile 

Maximum  dow  in  any  day  in  cubic  feet  per 
second  i>cr  square  mile 

Rainfall    in    Julv,  August,   September  and 
October,  inches 

Inches  of  rain  flouin^  in  July,  August,  Sep- 
tember and  October 

Percentage  ol  rain  flowing  in  July,  August, 
September  and  October 

Flow  m  July.  August,  September  and  Octo- 
ber, in  cubic  feet  per  second  per  square  mile 


45-49349-563 

1.50  1.76 
44-S8  48.24 
ao.4z8  33.906 


o.z6 


19.30 


o.aS 
0.080 
4«  39 


44*0x8 

Z.88 
57-90 
25.487 

0.09 


57. 93* 

«-»5 

52.63 
30.487 

o.a 


41. 419:38. 177I46.1 


1.38 
45-33    3a 
«8-775 


17. .180  17.709 


0.60 
1C.05 
2.790 


0.036   o.  X05 
a2.o8    15.61 
«54-7«  17  6>6 


o.iv 


21.36 


.48721-9*7 


....    ,  .  - 


0.39 
XO.06 
1.784 


0.39 
Kt.67 
1.805 


0.50 
13.93 
2.376 


13. 19915 


XO.32 
355 


.6.4 
■»9 
-55 

.867 


x.St^ 


TABLE     No.    23b. 
Summary  of  Rainfall  on  the  Sudbury  Basin. 


Year. 
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*  Data  selected  from  a  "  Deacriptive  Report  on  an  additiona]  supply  of  Wat«r 
*o  Boston  from  Sudbury  River,"  by  A-  Fteley,  resident  Engineer,  Bo6ton,  1882. 


CHAPTER   Y. 

STORAGE    AND    EVAPORATION    OF    WATER. 
STORAGE. 

59.  Artificial  Storage.— Tlie  fluctuations  of  the  rain- 
Ikllj  flow  of  sti-eams,  and  consumption  of  water  in  the  difler- 
ent  seasons  r»f  the  year,  require  almost  invariably  that,  for 
gramiation  and  htjdraulic  power  pumping  supplies^  there^ 
shall  be  artificial  storage  of  the  surplus  waters  of  the  sea-V 
sons  of  maximum  flow,  to  provide  for  the  draught  during 
the  seasons  of  minimum  flow.  A  grand  exception  to  this 
general  rule  is  that  of  the  natural  storage  of  the  chain  of 
great  lakes  that  equalizes  the  flow  of  the  St  Lax^Tinica 
River,  which  furnishes  the  domestic  water  supply  of  tlie 
City  of  Montreal  and  the  hydraulic  power  to  pump  the  same 
to  the  reservoir  on  the  mountain.  M 

When  the  mean  annual  consumption,  whether  for  do-" 
mestic  use,  or  for  i:»ower  and  domestic  use  combined  is 
nearly  equal  to  the  mean  annual  flow  of  the  supplying 
waterslied,  the  question  of  ample  storage  becomes  of  bu<m 
preme  importance.    The  chief  river  basins  of  Maine  ])i'e&t^nt 
remarkable  examples  of  natural  storage  facilities,   sinc^i 
they  Iiave  from  six  to  thirteen  per  cent.,  respectively, 
their  large  watershed  areas  in  pond  and  lake  surfaces. 

60.  LosHPs  Iiieldeiit  to  Storagre. — There  are  los 
incident  to  artificial  storage  that  must  not  be  overlooked ;' 
for  instance,  the  i>ercolation  into  the  earth  and  thmugh  tlie 
embankment,  evapomtion  from  the  reservoir  surface  and 
from  the  saturated  borders,  and  in  some  instances  constant 
draught  of  the  share  of  riparian  owners. 
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iub-strata  of  the  Storage  Basiii. — The  etnictiire 

of  tlie  inipounding  basin,  espocially  when  the  water  is  to 
fill  it  to  great  height  above  the  old  bed,  is  to  be  minutely 
examined,  as  the  water  at  its  new  level  may  cover  the  edges 
of  porous  strata  cropping  out  above  the  channel,  or  may 
find  access  to  fissunxl  rocks,  either  of  which  may  lead  the 
storage  by  subterranean  paths  along  the  valley  and  deliver 
it,  possibly,  a  long  distance  down  the  stream,  or  in  a  mul- 
tttnde  of  springs  beyond  the  impounding  dam.  If  the 
water  carries  but  little  sediment  of  a  silting  nature,  this 
trouble  will  be  difiBcult  to  remedy,  and  liable  to  be  serious- 
ly chronic. 

63 »  Percolation  from  Storaire  Baf4iii8*— Percolation 
through  the  retaining  embankment  is  a  result  of  slighted  or 
unintelligent  construction,  and  will  be  discussed  when  con- 
stmctive  features  are  hereafter  considered.  (See  Reservoir 
Embankments.) 

IK}.  iiijy>:hts  of  Hipariaii  Owners,  ^ — The  rights  of 
riparian  owners,  ancient  as  tlie  riparian  settlement's,  to  the 
use  of  the  water  that  flows,  and  its  most  favored  piscatoiy 
produce,  is  often  as  a  thorn  in  the  inj pounder's  side.  What 
are  tliose  rights  I  The  Courts  and  Legislatures  of  the  man- 
ufacturing States  have  wrestled  with  this  question,  their 
judges  have  grown  hoary  while  they  pondered  it,  and  their 
attorneys  have  prospered,  and  yet  who  shall  say  what 
ri{>arian  rights  shall  be,  until  the  Court  has  considenxl  all 
anew. 

Beloe  mentions**  that  it  is  a  "common  (British)  rule  in 
the  manufacturing  districts  to  deduct  one-sixth  the  average 
rainfall  for  loss  by  floods,  in  addition  to  the  absorption  and 
evaporation,  and  then  allow  one-third  of  the  remainder  to 


*  Beloe  on  Reservoin,  p.  12.    London,  1B73. 
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the  riparian  owners,  leaving  two-thirds  to  tlie  impoundS 
In  some  instances  this  in  varied  to  the  proportion  of  on< 
quarter  to  the  former  and  tliree^quarters  to  tlie  latter.** 

The  question  can  only  be  settled  equitably  upon  the 
basis  of  daily  gaugings  of  flow,  through  a  long  series 
years.     A   theoretical  consideration  involves  a  thorongl 
inveBtigatltm  f>f  its  g«^ological,  physic4j1,  and  nieteorulogii 
features.    There  is  no  more  constancy  in  natural  flow  at  an 
season  than  in  the  density  of  the  thermometi^r's  mercurj. 
The  flow  increases  as  tlie  stomis  are  gathen/d  into  the  chai 
nel,  it  decreases  when  the  Ik)w  has  appeared  in  the  heavens 
it  increases  when  the  moist  clouds  sweep  low  in  the  valley 
it  decreases  under  the  noonday  sun  ;  it  increases  when  the 
shadows  of  evening  fall  across  the  banks,  it  dtxrreases  when 
the  sharp  frosts  congeal  the  stn^ams  among  the  hills. 

G4.  PeriiKlieal  CiasHilieatioii  of  Uipariaii  Rights. 
— The  riparian  rights  subject  to  curtailment  by  storage 
might  be  classified  by  jK^rioda  not  greater  than  montldy, 
though  this  is  ran^ly  desimble  for  either  party  in  interest^ 
but  they  should  be  bast*d  upon  the  most  reliable  statistics 
of  monthly  rainlall,  evaporation,  and  flow,  as  analyzt^d  and 
applied  witli  disciplined  judgment  to  the  particular  locality 
in  question. 

«a.  CoinpenHUtioiis.— In  the  absence  of  local  statistics 
of  flow,  it  may  become  necessary,  in  settling  questions  of 
riparian  light**,  <jr  adjusting  conipensatiou  t]jen?for,  to  esti- 
mate the  i)eriodic  flow  of  a  stream  by  some  such  method  as 
is  suggested  above  in  tlie  general  discussion  upon  the  flow 
of  streams,  after  which  it  i*emains  for  the  Court  to  fix  the 
pmportion  of  the  flow  that  the  imiK>unders  may  manipulate 
for  their  own  convenience  in  the  successive  seasons,  and  the 
proportion  that  is  to  be  passed  down  the  stream  regularly 
or  periodically. 
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66.  Lobs  from  Rener^  oir  by  Evaporation.— Losses 

\^y  evaporations  from  the  surfaces  of  shallow  stomge  reser- 
voirs, lakes  and  ponds  are,  in  many  localities,  so  great  in  the 
enmuier  and  autumn  that  their  areas  are  oniitttd  in  eonipu* 
tatious  of  water  derivable  from  their  waterslieds.     This  is  a 
mde  practice  in  dry,  warm  tlimates,  in  which  the  evapora- 
tions from  sliallow  ponds  may  nearly  or  quite  equal  the 
volume  of  rain  that  falls  directly  into  the  ponds.    Mai^hy 
^loarj^ins  of  ix)nd8  are  profligate  dispensers  of  vapor  to  the 
fttmosphere,  usually  exceeding  in  this  it;spect  the  water 
surfaces  themselves. 

6T,   Evaporation  Plieiioniona.^Evaporation  is  the 
Host  fickle  of  all  the  meteorological  i)henomena,  and  its 
ion  IS  so  subtle  that  we  cannot  obseivu  it^  processes.     Its 
itisults  demonstrate  that  the  eoiistituents  of  water  arv  con- 
stantly cliaugiug  their  state  of  existence  from  that  of  gas  to 
iiqiiid,  b\|uid  to  gas,  liquid  to  solid,  and  solid  to  gas.    The 
HctiiUi  takes  place  as  well  ufton  polar  ice  fields  or  mountain 
L  snows,   as  upon  tropical  lagoons,  though  less  in  degree. 
H  *Xhe  active  vajiors  tliat  form  within  the  waters  or  porous  ice, 
HpUently  emerge  thmugh  their  surfaces  and  proceed  upon 
tlieir  ethereal  mission,  and  are  not  again  recognizable  until 
they  liave  been  once  more  united  into  cloud  and  condensed 
into  rain. 

Tlie  rapidity  with  which  water,  snow,  and  ice  are  con- 
into  vapor  and  pass  off  by  evaporation  is  depend- 
ent upon  the  temperatuiv  of  the  water  and  atmosphere,  but 
monf  especially  ui)on  their  relative  tenii)eratures,  and  upon 
the  dryness  and  activity  of  the  atmosphere.  The  IVjrniation 
of  vapor  in  a  body  of  water  is  supposed  to  be  at  its  mini- 
mmn  when  the  atmosphere  is  moist  and  the  atmosphere 
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and  water  are  quiet  and  of  an  equal  low  temperatui^, 
most  active  wlieu  the  atmosphere  is  diyest  and  hottest  j 
the  wind  brisk  and  water  warm. 

M,  Ainie  Brian  observed  tliat  *•  when  the  tempemti 
of  the  dew  point  is  liigher  than  tliat  of  the  evapomtiiig 
Bwse,  water  is  deposited  on  that  surfece/^  which  action  I 
gtrles  negatim  epaporatim^ 

Undoubtedly  the  cool  surfaces  of  da^p  waters  coo 
moisture  in  summer  from  warm  moist  atmospheres  ^ 
across  them,  and  thus  at  times  are  gaining  in  volume  wM 
popuhirly  supposed  to  be  losing  by  evaporation.  Whe 
winds  blow  briskJy  acroes  a  water  surface,  laige  volt 
of  unsaturated  air  are  presented  in  rapid  succession 
attracl  it^  vapors,  and  the  wave  motion  increa6«?s  the  agita 
tion  of  tlie  bodj  and  permits  its  vapors  to  escape  freely. 

The  atmosphere  has,  however,  its  limit  of  power  to  all 
sorb  rapor  for  each  given  temperature,  and  when  it  is  full) 
ntmated  it  can  receive  no  more  without  depositing  an  equal* 
amount,  or  until  its  temperature  is  raised, 

68.  Evaiiaration   from   Water.— In  an  instructiv 
paper  upon  rainfall  and  evaporation,  bj  Mr,  A.  Goldi 
State  Engineer  at  Copenhagen,  quoted*  by  Beardmore,  we 
find  some  valuable  measurements  of  evaporation  in  the 
^liflbient  seasons,  from  which  the  foUomng,  rehiting  toj 
eraporation  at  Emdrup,  is  extracted, 

•  vide  Bcwdmore'8  HTdrologj,  ^  0«>  d,   Lorukm.  1»®. 
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TABLE     No.    24. 
Evaporation  from  Water  at  Emdrup,  Denmark. 

N.  Lat  55*^41" ;  E.  Long   i2''y{"  from  Greenwich. 
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TABLE     No.     28. 

69.  Evaporation  from  Earth. — Mean  Evaporation  from 
Earth,  at  Bolton  Le  Moors,*  Lancashire,  Eng.,  1844  to 
1853,  inclusive. 

Lat.  53''3o''  N. ;  Height  above  the  Sea,  320  Feet. 
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^  Beardmore*s  Hydrology,  p.  335. 
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Mean  Evaporation  from  Earth,  at  Whitehafen,  Cumberlam), 

EkG.,    1844  TO    1853    INCLUSIVE, 
Lat.  M  fo^  K- ;   Hc%M  mbovc  Itie  Sea,  90  lecL 
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70.  Exaniplen  of  Evaiionitiou,— Charles  Givare 
Esq*,  conducted  a  series  of  expt^riments  upon  percolatio 
and  evapomtion,  at  Lee  Bridge,  in  England,  coutinuoosl| 
from  1860  to  1873,  and  has  given  the  results  *  to  the  Insti- 
tution of  Civil  Engineers.  The  experiments  were  on  a  larg^l 
scale,  luid  the  very  complete  record  is  apparently  worth^^ 
of  full  conlidence. 

The  evat)omtion  boxes  were  one  yard  square  at  the  sur- 
face and  one  yard  deep.    Those  for  earth  were  sunk  nearljfl 
flush   In  the  gtxiund,  and   that   for  water  floated   in   th^^ 
river  Lei\     The  mean  annual  rainfall  during  the  time  was 
S7,7  inches.    The  annual  ermpcoi^tioDS  from  soil  were,  mini- 
mum  l*.t)e7  iQcbes;  maximum  2oJ41  inches;  and  mean 
19.534  inehee i^from  stmd^  minimum  1.425  inches;  maxi^l 
mum  ft,  10*  incbes ;  and  m^ian  4.648  inches :— from  itat^ef^ 
uunimam  IT^SaS  inehc^:    THAYrm^m  2^xy^  inches;   an^^ 
wmaBk  sa,d  uich^  fl 

Soiue  experimental   eTapomtors    were   constructed  at 

|iMi  oa  Ih^  Baigondx  caiud,  and  are  deecribed  in  Annal^^^ 
PmUf  H  €Sltams9es.    Tliey  are  masonrr  tanks  line^^ 
with  nim^  eifclit  fM  ^qmrn^  and  one  and  o»e-lhird  feet  deep, 


*  "Hmu.  1ml  a<fa  ] 
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and  are  sank  in  the  ground.  From  184G  to  1852,  there*  was 
a  raean  annual  evaporation  of  26.1  inches  from  their  water 
surfaces  against  a  rainfall  of  26.9  inches.  At  the  same  time 
a  small  evaporatur.  one  foot  square,  jjhiced  iie^ir  the  largely 
gave  results  fifty  per  cent,  gi-eater. 

Obser\'ations  of  evupumtiun  from  a  water  surface  at  the 
rB€4*iving  reservoir  in  New  York  indicated  the  mean  annual 
era[)oratioii  from  1864  to  1870  inclusive  as  39.21  inches, 
which  equaled  81  per  cent  of  the  rainfall. 

On  the  W^est  Branch  of  the  Croton  River,  an  appamtus* 
was  arranged  for  the  piii-pose  of  measuring  the  evapoiutiou 
from  water  surface,  consisting  of  a  box  four  feet  square  and 
thrt*e  feet  deep,  sunk  in  the  earth  in  an  exposed  situation 
and  filled  with  water.  The  meau  annual  evaporation  was 
found  to  be  24.15  inches,  or  about  fifty  per  cent,  uf  the 
rainfall.  The  observations  were  made  twice  a  day  with 
core.    Tlie  maximum  annual  evaporation  was  28  inches. 

Evaporations  from  the  surface  of  water  in  shallow  tanks 
variously  reported  as  follows : 
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82.28 
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71.  Rjtticm  of  Evaporation.-— In  the  eastern  and  mid- 
ih  United  States^  the  evaporation  from  storage  reseivoirs,  1 
ring  an  average  depth  of  at  least  ten  feet,  will  rarely 
sixty  per  cent  of  the  rainfall  upon  their  surface. 


Vulg  pAper  on  "  Flow  of  tbe  West  Brancli  of  the  Ooton  River/*  by  J.  Jaa. 
Tniiii  Am.  Sue  Ov,  Engra..  July.  1874,  p-  83. 
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The  ratio  of  evaporation  in  each  moiitli  to  the  njonthly  aver- 
Lage  evaporatiou,  or  one-twelfth  the  annnal  depth,  is  esti- 
» mated  to  be,  for  an  average,  appmximately  as  follows : 

TABLE     No.    26. 

Monthly  Ratios  of   Evaporation  from  Reservoirs. 


Meui  imtio.. 


1 

•3» 

1 

i 

< 

i 

§ 

>J5 

1 

s 

-15   ! 

1 

*99    1 

35 

•so  1  -to  1 

»-4S 

r,7D 

•.CD 

«-« 1 

-19 


The  following  ratios  of  the  annual  evaporation  from 
water  surfaces  are  equivalent  to  the  above  monthly  mtios, 
and  may  be  used  as  miiltipliers  direetly  into  the  annoaJ 
evaporation  to  compute  an  equivalent  depth  of  rain  in 
inches  upon  the  given  surface  in  action.  Beneath  the  ratios 
are  given  the  equivalent  deptlis  for  each  month  of  40  inches 
annual  rain,  assuming  the  annual  evaporation  to  equal 
sixty  per  cent  of  tlie  rainfall,  or  24  inches  depth. 


TABLE     No,    27. 
Multipliers  for  Equivalent  Inches  of  Rain  Evaporated. 


,  Eaido  of  imniiAt  evaporm* 

I      ikm...    .. 

f  Xquivaient  depth  of  niiD 
— inches 


i 


.6 


»7 


t.6 


i»6 
1^ 


H»7 

3'4 


1-7 


,9667 
4» 


i 


.a6Bs^i7 


oaga 
'7 


72.  KeHultant  Effect  of  Rain  ami  Evapoi-ation.— 

For  the  purpose  of  con)]>aring  the  effects  upon  a  reservoir 
replenished  by  rain  only,  let  us  a^ume  tlie  available  rain- 
fall to  be  eight'teiitlis  of  40  inches  p«?r  annum,  and  the 
ratios  of  mean  monthly  rain,  and  the  ratios  of  annual  rain 
in  inches  depth,  to  be  as  per  the  following  table : 
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•7$ 


MmOo  oC  »ref  ' 

mi'ciihlyniin! 

Raijo  of  ,&  of  I 

Eqvir.  inclkes 
olnin 9jc» 


^3 


.0730 
9.40 


^ 


3*47 


i<oB 


3.88 


1.13 

-0933 
3^ 


S 
^ 


.1000 

3^ 


I.CKI 
-0833 


^ 


•9S      .gs 

.079>     *077S 
a.53      ft^a 


Comparing,  in  the  two  last  tables,  and  their  lowest 
colaraas,  the  inches  of  gain  by  rainfall  upon  the  n  seiroir, 
supposing  the  sides  of  tlie  reservoir  to  be  perpend icnlar,  and 
the  inches  of  loss  from  the  same  i^eservoir  by  evapomtion, 
iFe  note  that  the  gain  pi^eponderates  imtil  June,  then  the 
loss  prepcmderates  until  in  November, 

73.  Practical  EttVH't  iipiiii  Storagro.— Since  the  prac- 
tical value  of  storage  is  oixlinarily  realized  between  May 
huid  November,  the  excess  of  loss  during  that  term  is, 
B^raetically  considered,  the  annual  deficiency  from  the  r*?ser- 
^irolr  chargeable  to  evaporation.     We  compute  its  maximum 
in  the  following  table,  commencing  the  summation  in  June, 
a^U  the  quantities  being  in  inches  depth  of  rain. 


t 


1 

9 

i 

t,ao 

< 
t.6o 

1 

347 

a.90 

+o*S7 

*-* 

1 

-«.»3 

i 

«*53 

1.5D 

+0.97 

—T.JO 

1' 

1 

CHln  by  imio— 

i«cfa««    

EiMi  by  evmno- 

trntiao— tocbeft 

Difference— 

iadia    .  .... 

Mas.  de^ciccicr 

1 

'TO 

3-70 
-1.33 

3.ao 
4.00 
— cOe 

— a»i3 

--48 
1't*4« 

a.a4 
0.70 

3» 
»4 

If  the  classification  is  reduced  to  daily  periods  instead 
of  monthly^  the  maximum  deficiency,  accordinsr  to  the 
above  baais,  will  in  a  majority  of  years  exceed  three  inches* 
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74«  EHtfmateof  Available  Annual  Flow  of  StreaH^^ 

— A  pply  irig  onrcalcolatioDs  in  the  last  chapter,  of  availal^ 
flow  of  ^^'iiU*r  from  the  unit  of  watershed,  one  square  ml>^ ' 
and  rrjrxlifying  it  by  the  elements  of  compensation,  stora^^  ', 
evafKimtion,  and  j)ercolation,  we  then  estimate  mean  annu^*^ 
qiiunf  if  i<*.s  r>f  low-cycle  years,  applicable  to  domestic  co^^"^ 
Hiimiition,  as  follows: 

Avtiirn«;rl  mi-an  annual  rainfall 40  inches. 

Mow  of  utrcatii  available  for  storage,  40  per  cent,  of  mean  rain  =  z6  inches  of  raiou 

This  available  rain  is  applied  to : 

iM.  (  oiii|>t;niuition  to  ri|>arian  owners,  say  16.8  p.  c.  of  mean  rain  =  6.7a  in.  of  nLin«<^ 

w«l.    l'.vii|»orMilon  from  Nurfacc  of  Htorage  reservoir,   "     a.4    **     •♦      *»       "    =    .96"    "    " 
\i\.    I'd*  olui Ion  from  HtoraKc  reservoir,  **      2.4    *'     **      **        **     =    .96**    *'    ** 

4II1.  IImImiii  «•  uvaiiaiiic  for  consumption,  18.4    **     **      *»        "     =  7.36  *'    "    " 

Total 40  per  cenL  16  inches. 

Tlir  7.;W  iii(jh(»rt  of  rain  estimated  as  available  from  a 
40  inch  niinuul  rain  4 equals  17,098,762  cubic  feet  of  water, 
which  is  ('(luivalnit  to  a  continuous  supply  of  seven  cubic 
lorl  per  (lay  (=  f)2.:«J  gals.)  each,  to  6,692  persons. 

My  applying  to  tho  annual  results  the  monthly  ratios, 
and  thus  ilov4»lo])ing  the  monthly  surpluses  or  deficiencies 
of  How,  wo  shall  have  in  the  algebraic  sum  of  the  deficien- 
oloH  tho  volnnio  of  stomgt^  niH^t^ssary  to  make  forty  per  cent. 
t»r  tht*  ralnftUl  available,  and  this  storage  must  ordinarily 
«pp»^>xlamte  om^tliinl  of  the  annual  flow  available  for 
Htomgt\ 
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75.   Estimate  of  Maiitlily  Avaihible  Storagre  Ue- 

<l Hired.— Coniputatioii  of  a  supply,  atid  tin-  mqiiixed 
storage ;  applied  to  one  squai*e  mile  of  watershed  as  a  uDit 
of  area. 

Assumed  data:  Population  to  be  suppliedj  6,5()0  per- 
ms, consuming  7  cubic  feet  per  capita  daily,  each  ; 

Mean  annual  rainfall,  40  inches,  and  eight-tenths  = 
32  inelies  of  rain,  in  the  low-cycle  years ; 

Availalile  flow  of  sti-eam,  fifty  per  cent,  of  eight-tenths 
of  rain  =  16  inches; 

Compeujiation  each  month,  .168  of  one-tweltth  the  mean 
annual  depth  of  min  =  .56  inches  each  month  uniformly; 

Evaj>oration  annually  from  the  reservoir  surface   onlyj 

ty  per  cent  of  the  depth  of  mean  aimual  rain,  or  24 
iches;  and  monthly,  sixty  per  cent,  of  one-twelfth  the 

inal  evaporation  ^  2  inches. 

Aj^a  of  ^^toIllgc  Reservoir,  .04  square  mile,*  or  25.0  acres, 
with  equivahmt  available  draught  f>f  ten  fcn^t  for  tliat  sur- 
face. The  evaporation  of  two  iiiclies  from  four  hundredths 
of  a  square  mile  =  .08  inch  from  one  sijuare  mile, 

VoUnne  of  jvercohition  assumed  to  eqiml  volume  of 
evaporation  from  the  reservoir  surfar^e. 

Tlie  monthly  ratios  will  be  multiplied  into 


40  in,  X  .g  X  ,50  p.  c. 
II  months 


^  1.3333  in.  for  the  monthly  flow. 


40  in.  mean  ram        ^  .     ^  ,1 

;  X  ^— — i —'SO  m.  for  monthly  compensation. 

12  months 

40   in.  X  60   p.  C.  «    .         r  11  .-  r 

,  X  - —  ,      -  =  .08  in.  for  monthly  evaporation  from  reservoir. 

12  months 

=  .08  in.  for  monthly  percolation  from  reservoir. 
.  ft  X  30.4369  days=  1,384,879  cu.  ft.  for  monthly  con- 
sumption. 


^  A  tmii  of  rceenroir  area,  for  each  squaie  mile  unit  of  watenlifliL 


Prom  certain  localities  no  claim  will  arise  for  diversioa 
of  the  water,  or  the  diversion  may  be  compensated  for  hy 
the  payment  of  a  cash  bonus,  in  whirh  case  the  projiortioii 
of  rainfall  applicable  to  domestic  consumption  will  be  a 
little  more  than  doubled,  and  approximately  as  follows^ 
neglecting  percolation  from  the  storage  reservoir. 
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Tlje  raontlily  ratios  will  here  be  multiplied  into 
40  in*  X  ,8  X  .50  p.  c 


I  a  months 


1,5333  i^-  ^or  the  monthly  flow. 


40  in,  X  .60  p.  c.         o  .     -  . ,  '      r 

.04  X —  ^—  =  .08  in.  for  monthly  evaporation  from  resen'oir, 

^5*S<>Q   persons  x  7  cu,  ft  x  30.4369  days  ^  2,876*287   cu.  ft.   for 
monthly  consumption. 

TABLE     No.     29. 

Monthly  Supply  to,  and   Draft  from,  a  Storage  Reservoir 

(without  compensation). 


Mwrnf. 

Monthly 

MONTHLV 

£VA)H>RA1  ION 

PROM 

Rbskxvoir, 

MOKTMLV 

IKtMSSTlC 

Consumption, 
cubic  /cH. 

Suxj'i.tjs. 

€uiic/t*L 

DartaaNcv. 
cmiie/i^t. 

Jan.        1 
Feb.       j 

GMin, 

Ratio,  x.6s 
5,111,040 

Ratio,  t,|o 
4,646400 

Ratio,  1,65 
5,111/MO 

Ratio,  MS 
4,491.530 

Ratio.    .«5 
3.632,960 

Ratio,   ,75 
3,323,200 

Rftito,   .35 
1^4,160 

RtUo,  .»s 
734.4^ 

Ratio,  .30 
929.3S0 

lUtlo,    .45 
r.393.920 

R«lia,  t.9o 
3.717.I«> 

Ratio,  t.fio 
4.956,160 

Lou, 

Ratio,   .JO 

57.557 

•3S 
65.050 

.so 
93,928 

.So 
148,685 

MS 

369491 

315.955 
1.S5 

343334 

a. 00 
371,712 

269,491 

75 
139.393 

92^38 

•3S 

65,050 

Ralio,  1x15 
3,U20.I0I 

I. to 
3,163,916 

.90 
2,588,059 

.85 
2,444,844 

,<>o 

2.588,658 

1,00 
3J76.287 

i.ao 

3.451.544 

I.  as 

3^595.359 

I. OS 

3,020,101 

•90 
3.Sd8.65<^ 

.«5 

3,444*844 

2,102389 
^417433 

2429454   , 
I.897.99I 

Mar.       1 

Apr. 

June 
July        1 
Aug.       I 
Sept      I 
Oct        I 
Nov.       < 

225,189 

869,042 

2,711,218 

3,333,671 

2,360,312 
1,334.130 

i.i79*34» 
2»158.638 

Dec,       1 

Toi^«. 

37471.300 

3,232,073 

34,515*443 

XM85J54 

10.733,563 

g.LfPLTDre  CAFicnr  or  wiTEssBSsm. 


KequiretL^ 


■UliV 


lurl 


of  ntiiikU  oa  ooe  aqpttie  irile  i^iml^  a  valmue  of  C^/j^ 
aibk  fe€C  The  diiWcitcy  as  above  oamputed  is  oearij 
tvdve  per  whL  of  tkis  qoantiQ',  and  calls  for  an  available 
Tolnme  of  water  in  stote  early  in  May,  or  at  the  b^^gtmiiiig 
of  a  drongiil,  equal  to  abcmt  ooo^e^^htli  the  mean  ammal 
fainfiOL 

The  calcnlatiood  of  sapi^j  and   draught  in  the  two 
flaonthlr  tables  giren  abore  i^pt  to  mean  quantities  of  low- 
cycle  ymrsy  and  not  to  extreme  minim  nms.    The  seasons  oB 
minimnm  flow,  which  are  also,  nsoallTt  the  seasons  or" 
amxiinum  evaporation  from  the  storage  i^serroins  and  of 
mavimnm  domestic  consumption,  are  in  the  calculatioD 
supposed  to  be  tided  over  by  a  surplus  of  storage  provide 
in  addition  to  the  mean  storage  required  for  the  series 
low-cycle  years.    The  storage  should  therefore  be  in  exc 
of  the  mean  deficiency  as  above  computed  at  least  twenty 
five  per  cent,  or  should  equal  at  least  fifteen  percent  of  tlie 
mean  annual  rainfall.  ^ 

If  tlio   storage  is  less  than  fifteen   per  cent,  the  safe 
available  supply  is  IJable  to  be  less  than  the  calculations- 
given.  ^ 

If  the  area  of  the  storage  reservoir  is  greater  per  square 
uiih*  of  watt»rshed  than  assumed  above,  the  loss  by  evapo- 
mtiod  from  the  water  surface  will  be  propoitionately  in- 
crenw'd,  and  must  be  compensated  for  by  increased  stomge* 

77.  Uilli/witifHi  of  Fliiort  Flows.— The  caliiilationdj 

above  asHuiiK^  that  fifty  per  cent  of  the  annual  rainfall 
It  tlio  avnllable  annual  flow  in  the  stivam.  The  remaining 
Urtv  JMT  cent.  iH  asHunu'd  to  be  lost  thmugh  the  various 
protM'HH€»fi  of  natnrr  jiud  by  floods.  If  the  storage  is  still 
rnrtfier  bien^aNcd,  an  additional  portion  of  the  flood  flow 
can  hi*  ndliml,  and  sometimes  fifty  j^er  cent  or  even  sixty 
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piT  cent,  of  the  annual  rainfall  utilized  for  domestic  con- 
j^iini£>tion,  or  made  appliGabli3  at  the  outlet  of  the  reservoir 
fur  jKiwer.  Hence,  when  it  is  desired  to  utilize  the  greatest 
pusaible  portion  of  tlie  flow,  the  storage  should  equal  twenty 
or  lvventy-fi\"e  per  cent,  of  tlie  mean  annual  rainfalL 

78.  Qiialificatioii  cif  liediieecl  Katios.— The  ratios 
of  flow,  evajmration,  and  couBumption,  as  above  used  in 
the  escalations,  are  not  assumed  to  Ix^  universally  appli- 
.ble,  but  are  taken  as  sate  general  average  ratios  for  the 
tlautic  Coast  and  Middle  States.     Tlie  winter  consnnip- 
tion  will  be  less  in  the  hiwer  Middle  and  Southern  States, 
And  also  in  very  efficiently  managed  works  of  Northern 
States;  but  the  summer  consumption  tends  to  be  greater  ia 
the  lower  Middle  and  Southern  States,  where  the  evapora- 
te ion  and  rainfall  are  greater  also. 

The  results  upon  the  Pacific  slope  can  scarcely  be  gen- 
<^ralized  to  any  profits  since  within  a  few  hundred  miles  it 
^presents  extremes,  from  niinless  desert  to  the  maximum 
minfilll  of  the  continent,  and  from  vaporless  atmosphere  to 
<;oiiMant  excessive  humidit}, 

79*  luflaeiiee  of  Storage  upon  a  Continuoun 
Sti|i|ily. — A  safe  general  estimate  of  the  maximum  coutin- 
noQs  snpply  of  water  to  be  obtained  from  forty  inches  of 
annual  rain  upon  one  square  mile  of  waterslied,  presided 
the  i^toruge  equals  at  least  tifteen  per  cent,  of  the  minfalh 
givBS  7  cubic  feet  (=  52.36  gals.)  per  capita  daily,  to  from 
to  16000  persons^  dependent  upon  the  amount  of 
available  storage  of  winter  and  flood  fltiws ;  or  say,  three- 
qnarters  of  a  million  galh^ns  of  wat*-r  daily. 

The  same  area  and  min,  with  but  one  month's  deficiency 
0torage^  can  be  safely  counted  ujion  to  supply  but  about 
3,000  i)ers4ms  with  <an  equal  daily  consumption,  or  157,000 
lions  of  water  daily.     From  the  same  area  and  rain,  witli 
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no  storage^  a  tinsiiy  stream  may  fail  to  supply  I.IKX)  pe] 
to  tile  full  averag(*  demand  in  seasons  of  sevei'e  drought 

Hence  the  importance  of  the  storage  factor  in  the  calcu- 
lation. 

*]1ie  above  estimates  are  based  upon  mean  rainfalls  of 
low-cycle  (§  47)  years;  thei-efore  the  results  may  be  ex- 
pected to  be  twenty  per  cent,  greater  in  years  of  geneml^ 
average  rainfall. 

80.  Artifleial    Gathering:   Areas, — ^Tien  resort 
necessarily  had  to  impervious  artificial  collecting  areas  for 
a  domestic  water  supply,  as  wlien  dwellings  are  located 
upon  vegetable  moulds  or  low  marsli  areas,  bitumiiioui 
rock  surfaces,  limestone  surfaces,  or,  as  in  Venice,  whei 
the  sheltering  roofs  are  the  gathering  arenas  of  the  house- 
holds, the  profKirtion  of  the  rainfall  that  may  be  run  into 
cisterns   is  very   lai"ge.     If  such  cisterns  are  of  sufBcient 
capacity  and  their  waters  protected  from  evaporation,  eighty 
per  cent,  of  the  rainfall  upon  the  gathering  areas  may  thus 
be  made  available,  though  special  provisions  for  its  clariti- 
cation  will  be  indispensable, 

Li  such  case,  a  roof  area  equivalent  to  25  feet  by  100 
feet  miglit  furnish  from  a  forty-inch  rainfall  a  continuoui 
supply  of  3  cubic  feet  (—22,44  gallons)  per  da}^  to  six  per- 
sonSy  which  would  be  abundant  for  the  household  uses  for 
that  numlier  of  persons.  ^m 

81,  lieeapitulatioii  of  liaitttall  Ratios. — Recapitu-^^ 
lating,  in  thi-  form  of  general  avenige  annual  ratios,  i-elating 
to  the  mean  rainfall  upon  midulating  crystalline  or  diluvial 
surface  stmta,  as  unity,  we  have : 


4 


Ratio  of  mean  :iiinual  rainfall . , , , , i,oo 

Ratio  of  mean  rainfall  of  lowest  ihrce-year  cycles. . , So 

Ratio  of  minimum  annual  rainfall ...*...........       .70 

Ratio  of  mean  annual  flow  in  stream  (of  the  given  year's  rain) .60 
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memn  summer  flow  in  stream  (of  the  given  year's  rain) 25 

Ratio  of  low  summer  t)o\v  in  strram         '*  **  ** 05 

Ratio  ci  anttojij  avit liable  flow  in  stream  "  *' -       .50 

Ratio  of  storage  necessary  to  make  available  50  per  cent,  of  annual  rain.       .15 
R^lio  of  general  evaporation  from  eanhs«  and  consumption  by  the  pro- 
cesses «if  vegetation , , 40 

Rjuio  of  percolation  through   ihe  earth  (included  also  in  the  Sow  of 

streams^ ,.,.,,..,.........       .25 

Ratio  of  mean  rainfall  collectible  upon  Impervious  artificial  or  primiiry 

rock  surfaces. .8a  1 

Tlie  raonthly  ratios  of  tbese  aiiDiial  ratios  are  to  be  taken 
in  ordinary  calculations  of  water  supplies,  and  each  annual 
ratio  to  be  gubjeeted  to  tlie  proi>er  moditicatiou  adapting  it 
a  special  local  application. 


TABLE     No      so. 
kUTI06  OF  MO^TTULY  RaIN,  FLOW,  EVAPORATION,  AND  CONSUMPTIOK, 


of  Aip«nig«  moothly  raJa yj 

of  mr,  QKmthJy  Sow  of  ureaniB.  1,65 

oi  %v .  munibJ  Y  erap  from  wmtcr,    .  30 

of  mven^  mootbTy  coasump-! 

tioii  of  water ............  1 1  05 


I 


83, 
•3Si 


.90  1 ,  so 
1.65  1.45 


,jo     ,90,    ,«5 


i,q8 
•75 

I. ao' 1. 90  1.95 


1.8s  «.oo 


hi 


30 
1.45 


I 


W      9J    M 
45  i.ao  t.Oo 

.90    ^8S 
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TABLE     No.    30a. 
Example  of  an  Estimate  of  Collectable  Rainfall.* 


tJI  ■will  iT  vnntiftj  rmknikll  40  la.  ( 
Afnenipe  ■vaiUbte  muntJily  fli^w  f 
I  fi67  m 


Radn  of  monthly  mc«n  ttvailAblc  flow  i 
"^      irAleni  inc)ie«»l  monthly  Kvail- 

ilow  , ..-,,.-,,. 

Ecnthvot  do. . .       ,. 

of   ralD  manthly  to  latlsty 
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Tke  (nrlicft  of  imiiilal]  flowing  tauothly,  here  assigned  a.<»  it  hpariiui  right,  trc  found  by 
liMcie  t1i«  m«en  of  iowi  from  June  to  Oclolner  mclu^ivc,  thus : 
I.OO  H"  -47  H^  '33  4-  40  H^  fig  inchea 
S  months 

j  rtn  .  *-  ^--^-^  ^.  -!-,►.  fl^g  tmtlre  low  walcf  flow  of  summer,  &ndl  allows  for  to!ifie& 

«f  laJBlkll  ''^^^:     1»<«^  by  evanoratioti  and  absorption,  la  In.;    loss  by 

tukda,  i  lu  i.4:»nns,  4  In.;  remaining  availuble  t!ow,  16  in. 

•  MaletMiff  to  the  Adiroiulack  water  *hcd  of  Hud«>n  River.      From  *'  Report  on  a  Water 
'  r  tef  New  rork  ami  Pthex  Citiea  of  the  Hudson  Valley,  by  J.  T.  Kanaln^.    N.  Y.,  1881. 


.56  inches  of  rain. 


CHAPTER    Til. 

SPRINGS    AND    WELLS. 

83.  8iiUtt*rTaiH^iui  Waters,— A  portion  of  tlie 
perhaps  one-fourth  jiart  of  the  whole,  distilled  npon 
surface  of  the  earth,  penetrates  its  soils,  the  inteiistices  4 
the  poroiiH  stmta,  the  crevices  of  the  rockis,  and  is  gather 
in  tJjp  liiddeu  n^cesses.    Tliese  subterranean  reserroirs  wer 
fllhd  ill  the  unoxploiml  past,  and  their  flow  continues 
tlii*  present  as  they  are  replenished  by  new  rainfalls. 

83.  Thrlr  Soiirfe  (ho  Atiuospliere. — We  find 
reason  to  sujipos*.^  that  Nature  dui>licates  her  labomtorj'  i3! 
tin?  atmosphere  in  the  Iddden  recesses  of  the  earth,  fron 
whence  U*  din^aiit  the  sparkling  springs  that  issue  along  il 
valhys.     On  the  other  handj  we  are  often  able  to  trace  the 
<roura4'  of  the  waters  from  the  storm-clouds,  into  and  throng 
the  earth  until  tliey  issue  again  as  plashing  fountains 
flow  (iowu  to  the  ocean. 

The  chjuds  lire  the  iniraediate  and  only  source  of  suppljj 
to  the  subterrauf^au  watercourses,  as  they  are  to  the 
face  streams  we  have  just  passed  in  review, 

Tlie  subterranean  sujqjlirs  are  subject  indirectly  to  at-^ 
niospheric  phrnomemi,  t^'mp^mtures  of  the  seasons,  surface 
evaijorations,   varying  raitiialls,  physical  features  of  the 
surface,  and  porosity  of  the  soils.    Especially  are  the  shal- 
k»w  wells  and  springs  s(*nsitivply  subject  to  tliese  influences, 

81.  Poriisity  iif  Earths  and  Itocki^.— Respt^cting  the 
porosity  and  absorptive  qualities  of  different  earths,  it  may 
be  observed  that  clean  silicious  sand,  when  thrown  loosely 
together,  has  voids  between  its  particles  equal  to  nearly 
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spring,  is  limited  and  controlled,  not  only  by  the  porosity 
of  the  strata  wliicli  it  enters,  hut  also  by  tlieir  inclination^ 
^curvatuiv,  and  continuous  extent,  and  by  the  impen'i<»uH- 
less  of  the  underlying  stratum,  or  plutonic  rock. 

85.  PereolatioiiH  in  the  Upper  Strata. — SliaUom 
veil  and  sjyring  supplies  are,  usually,  yields  of  water  from 
Hhe  drift  farination  akme.  Their  temixu^tures  may  be  va- 
riable, rising  and  faUing  gradually  with  the  mean  tempera- 
tures of  the  suiface  soils  in  the  circuits  of  the  seasons,  and 
they  may  not  bt?  wholly  freed  from  the  influence  of  the 
decom loosed  organic  surface  soOs.  Their  flow  is  abundant 
when  evaporation  upon  the  surface  is  light,  though  slack- 
ened when  the  surface  is  seak*d  by  frost. 

A  variable  spring,  and  it  is  the  stream  at  its  issue  that 
we  term  a  spring,  indicates,  usually,  a  flow  from  a  shallow, 
porous  surface  stratum,  say,  not  exceeding  50  feet  in  depth, 
though  occasionally  its  variableness  is  due  to  peculiar 
causes,  as  the  melting  of  glaciers  in  elevated  regions,  and 
atmospheric  pressure  upon  sources  of  intermittent  springs. 

Porous  strata  of  one  hundred  feet  in  depth  or  more  give 
comparatively  uniform  flow  and  tfrnprrature  to  springs. 

80.  The  Courses  of  Percolation — Gravitation  tends 
to  draw  the  jmrticles  of  water  that  enter  the  earth  directly 
toward  the  center  of  the  earth,  and  they  i)ercolate  in  that 
direction  until  they  meet  an  impervious  strata,  as  clay, 
when  they  are  forced  to  change  their  direction  and  follow 
along  the  impervious  surface  toward  an  outlet  in  a  valley, 
and  possibly  to  find  an  exit  beneath  a  lake  or  the  ocean- 

When  the  underlying  impervious  strata  has  considerable 
average  depth,  it  may  have  been  unevenly  deposited  in 
consequence  of  eddies  in  the  depositing  sfream,  or  crowded 
into  ridges  by  floating  icebergs,  or  it  may  have  been  wora 
into  valleys  by  flowing  water*     Subsequent  deposits  of 
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•nd  and  gravel  would  tend  to  fill  up  tlie  concavities  and 
to  even  the  new  surface,  hiding  the  irregularities  of  the 
lower  strata  surface. 

The  irregularities  of  the  impervious  surface  would  not 
te  concealed  from  the  percolating  waters,  and  their  flow 
would  obey  the  rigid  laws  of  gravitatioii  as  unswervingly 
as  do  the  showers  upon  the  surface,  that  gather  in  the  chan- 
nels of  the  rocky  liills. 

Springs  will  appear  where  such  subterranean  channels 
nieroept  the  surface  valleys.  The  magnitude  of  a  spring 
vriU  be  a  measure  of  the  magnitude  of  its  subterranean 
pithering  valley. 

87.  Deep  Percolations^ — The  deep  flam  supplies  of 
iveUs  and  springs  are  derived,  usnally,  from  the  older 
"porous  stratifications  lying  l>eIow  the  drift  and  recent  clays. 
The  stratified  rocks  yielding  such  supplies  have  in  most 
instances  been  disturbed  since  their  original  depositions, 

and  they  are  found  inclined,  bent,  or  contorted,  and  some- 
times rent  asunder  with  many  fissures,  and  often  intercepted 
by  dykes. 

88.  Siibt45rranean  Reservoir***— Subterranean  basins 
irtore  ap  the  waters  of  the  great  rain  percolations  and 
deliver  them  to  the  springs  or  wells  in  constant  flow,  as 
jnurface  lakes  gather  the  floods  and  feed  the  streams  with 
iven.  continuous  delivery,  A  concave  dip  of  a  porous 
Itratam  lying  between  two  impervious  strata  presents  favor- 
able conditions  for  an  "'artesian'*  well,  especially  if  the 

l^ircms  stratum  reaches  the  surface  in  a  broad,  concentric 
|>laiie  of  great  circumference,  around  the  dip,  forming  an 
^Xtra^ve  gathering  ai'ea. 

Waters  are  sometimes  gatheivd  through  inclined  strata 
from  very  distant  watersheds,  and  sometimes  their  course 
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leads  under  considerable  hills  of  mor<»  recent  deposit  tlian 
the  stratum  iij  wliich  the  water  is  flowing. 

The  chalks  and  limestones  do  not  admit  of  free  percola- 
tion, and  are  unreliable  as  conveyers  of  water  from  distaul  H 
gathering  surfaces,  since  their  numerous  fissures,  tlirougli      " 
which  the  water  takes  its  coui'se,  are  neither  continuous  nor  _ 
uniform  in  direction,  V 

89.  The  Uiieertaliities  of  Subterranean  Searches. 
—The  conditions  of  the  abimdant  saturation  and  scanty 
saturation  of  the  strata,  and  their  abOities  to  supply  watti 
continuously,  are  very  varied,  and  may  change  fiom  th^ 
first  to  the  second,  and  even  alternate,  with  no  surface  indi-— 
cations  of  such  result ;  and  the  subterranean  flow  may,  in^ 
many  localities,  be  in  directions  entirely  at  variance  withi- 
the  surface  slopes  and  flow,  ^m 

Predictions  of  an  ample  supply  of  water  from  a  giveBt 
subterranean  soiux^e  are  always  exti-emely  hazardous,  until 
a  thorough  knowledge  is  obtained  of  the  geological  jK>si- 
tions,  tliickness,  porosity,  dip,  and  soundness  of  the  strata^ 
over  all  the  extent  that  can  liave  influence  upon  the  -flow  at- 
the  proposed  shaft. 

Experience  demonstrates  that  water  may  be  obtained  in 
liberal  quantity  at  one  point  in  a  stratum,  while  a  few  rods 
distant  no  water  is  obtainable  in  the  same  stratum,  an 
intervening  "fault"  or  crevice  having  mteit^epted  the  flow 
and  led  it  in  anotlier  direction.  Sometimes,  by  the  exten- 
sion of  a  heading  from  a  shaft  in  a  water-bearing  stratum, 
to  increase  an  existing  supply,  a  fault  is  pierced  and  the 
existing  8up])]y  ]ed  off  into  a  new  channel.  ^ 

90.  Reiiowued  A|iiilieatioii  of  Geoloirieal  Science* 
— Arago\s  prediction  of  a  stt^re  of  ]totabIewater  in  the  deep- 
dipping  greensand  stratum  l)eneath  the  city  of  Paris,  was 
one  of  the  most  brilliant  applications  of  geological  science 
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^Seful  purposes.  He  felt  keenly  that  a  multitude  of  hie 
fellow-citizeiiH  were  Bufferiug  a  general  i>li> sical  detiiiora* 
tion  for  want  of  wliolesome  water,  for  whicli  the  spleiidur-a 
of  thr  amgTiificent  capital  were  no  antidote.  With  a  foi^e- 
sight  and  energy^  such  as  displays  that  kind  of  genius  that 
Cicero  believed  to  l>e  '*in  some  degree  iiispmd,'^  he  pi'e- 
irailed  upon  the  public  Minifc?ter  to  inaiigurat«\  in  the  year 
1833,  that  notable  da^j*  subt4_*rranean  exjiloiation  at  Gre- 
nelle.  By  his  eloquent  persuasions  he  maintained  and 
defended  the  enterprise,  notwithstandiug  the  eight  years  of 
labor  to  successful  issue  were  beset  with  discoumgempntSj 
and  all  manner  of  sarc^aanis  were  6hower*?d  upon  the  pro- 
moters. In  February,  1841,  the  augur,  cutting  an  eight- 
inch  bore,  reached  a  depth  of  1806  feet  9  inches^  when  it 
suddenly  fell  eigliteen  inches,  and  a  whizzing  sound  an- 
nounced  that  a  stivam  of  water  was  rising,  and  the  wrll 
•oon  overflowed. 

91*  Contlitioiis  of  Overflowing:  WoHk.  —  An  over- 
flow results  only  when  the  surface  that  supplies  the  water- 
bearing  i^trntuni  is  at  an  elevation  superior  to  the  surface  of 
the  ground  wliere  the  well  is  locat«*d,  and  the  water-bearing 
stratum  is  confined  between  imp^nious  strata.  In  such 
owe,  the  hydrostatic  pressure  from  the  lugher  source  forces 
the  water  up  to  thp  mouth  of  the  boii\ 

©2.  InlltifMiee  of  Wells  upon  Each  Other.— Tlie 
miccess  of  wells,  penetrating  deep  int(»  large  subterranean 
basins,  upon  their  first  ctmipletion,  has  usually  led  to  tlwir 
duplication  at  other  points  witliin  the  same  basin,  and  the 
flow  of  tlie  first  has  often  been  materially  checked  upon  the 
comnipncpment  of  fiow  in  the  second,  and  both  again  upon 
the  i5ommenc«*ment  of  flow  in  a  thinl,  though  neither  was 
Witliiu  one  mile  of  either  of  the  others.  The  flow  of  the 
funous  well  at  Grenelle  was  seriously  checked  by  the  open- 


iiig  uf  another 
miles  distant. 

Hie  roccessful  sinking  of  deep  wells  in  Europe  began  at 
Artois,  in  Fmnce,  in  the  year  1126,    The  name  ** Artesian,'' 
from  the  name  of  the  province  of  Artois,  has  been  familiarly 
a880€tat*xl  with  such  wells  from  that  date,  notwithstanding 
simihir  works  were  executed  among  the  older  nations  maiij 
years  eurlier.    Since  the  success  at  Artois,  this  method  haa] 
bwn  adopted  in  many  towns  of  France,  England,  and  CJer-j 
many,  where  the  geological  structure  admitted  of  success,] 
TUv  French  engincH?rs  liave  recently  sunk  nearly  one  hun- 
dred successful  wells  in  the  great  Desert  of  Sahara  ;  and 
Algeria  and  Noi-tlieni  Africa  are  beginning  to  bloom  in 
wasto  places  in  consequence  of  being  watered  by  the  pre- 
cious liquid  sought  in  tlie  depths  of  tlie  eartlh 

IKi.  AiiN^ricjiii  Artesiiiii  Wells, — Not  less  than  21 
yielding  wi'Ils  have  been  sunk  in  Chicago  varying  in  deptl 
IVoni  I2(KJ  to  1640  feet^  the  most  successful  of  which  is  fiv€ 
and  one  luilf  inches  dianieter  at  the  bottom,  yielding  abouf 
OU(),(KK)  ti;alIons  of  water  pn-  24  hours.  The  usual  depth  of 
tlir  Cliii"igo  weUs  is  imported  to  be  from  12(M)  to  13(k:>  feet,^ 
and  tlu'  avemge  cost  of  a  tiviMind-a-half-inch  well  ?6(MX),  and 
lur  a  (uur^anda-halMuch  well  $5000,  for  depth  of  1200  feet 

A  wtdl  for  the  Insane  Asylum  at  St.  Louis  has  reac^hed 
a  drpth  of  88*10  Ivet.  (»r  3W0  fwt  below  the  level  of  the  stm, 

Ahuig  the  line  of  the  Inion  Pacific  Railix>ad,  water : 
obtnituHl  at  certain  |x>ints  by  means  of  Artesian  wells,  fo| 
supplying  the  necessities  of  the  road. 

A  ft*w  Artesian  wells  have  been  sunk  in  Boston,  but  the 
M'atf^r  ohtaihixl  has  rarely  been  of  satisfactory  quality  fcM'^ 
domt^stic  purjx>ses. 

ft  I,  \^'at4'rslitHl8  tif  Wells.— The  watershed  of  a  deep 
aubtt^rmn  an  supply  is  not  so  readily  distinguishable  as  is 
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that  of  a  surface  stream,  that  usually  has  its  limit  upon  the 
crown  of  the  ridge  sweeping  around  its  upper  area. 

The  subterranean  watershed  may  jiossibly  lie  in  part 
beyond  the  crowning  ridge,  where  its  form  is  usually  that 
of  a  concentric  belt  of  rarying  width  and  of  varying  sur- 
face inclination.  A  careful  examinatit^n  of  tlie  position, 
nature,  and  dip  of  the  strata  only,  can  lead  to  an  accumte 
trace  of  its  outlines. 

The  granular  structure  of  the  water-bearing  stratum,  as 
a  vehicle  for  the  transmission  of  the  pprcolating  water,  is  to 
b«^  most  carefully  studied  :  the  existence  of  laults  that  may 
divert  the  flow  of  percolation  are  to  be  diligently  sought 
for;  and  the  point  of  lowest  dip  in  a  concave  subterranean 
basin  or  the  lowest  channel  line  of  a  valley-like  subteiTa- 
nean  formation,  is  to  be  determined  with  care. 

A  depressed  suhteiTanean  water  basin,  when  first  dis- 
covered, is  invariably  full  to  its  lip  or  pohit  of  overtiow. 
Its  extent  may  be  comparatively  large,  and  its  watershed 
comparatively  small,  yet  it  will  be  full,  and  many  centuries 
tnay  have  elapsed  since  it  was  moulde?d  and  tii*st  began  to 
Ftore  the  pRK'ious  showers  of  heaven.  A  few  drops  arcu- 
iDulated  from  each  of  the  thousand  showers  of  each  decade, 
may  have  Hlled  it  to  Ms  brim  many  generations  since  ;  yet 
this  is  no  evidence  that  it  is  inexliaxistible.  If  the  perennial 
draught  exceeds  the  amount  the  storms  give  to  its  replen- 
isdiinont^  it  will  surely  cease,  in  timp,  to  yield  the  surplus. 

Coarse  sands   will,   when    fully   exposed,   absorb   the 
ter  portion  of  the  showers,  but  such  sands  are  usually 
covered  with  more  or  less  vegetable  soil,  except  in  regions 
where  showers  seldom  fall. 

Fiseured  limestones  and  clmlks  will  also  absorb  a  large 
portion  of  the  storms,  if  e3q>osed,  but  tliey  are  mroly  en- 
tirely uncovered  except  upon  ^teep  cliff  faces,  where  there 


is  little  opporhmity  far  the  storms  that  drire  against  theiii« 
to  eeoure  lodgement. 

95.  ETaiwrsitioii  from  Soils.— ^Vgetable  and  surface 
aoili*  that  do  not  permit  free  percolation  of  their  %vaters 
downward  to  a  depth  of  at  least  three  feet,  lose  a  part  of 
it  by  evaiKjration.  On  the  other  hand,  evaporation  opens 
the  surface  pores  of  close  soils,  so  that  they  receive  a  por- 
tion  of  the  rain  freely* 

9G.  Supplying:  Capacity   of  Wells  and  Springs.— 
Percolation  in  ordinary  soils  takes  place  in  greatest  part 
in  tlxe  early  spring  and  late  autumn  months,  and  to  a  lim 
ited  extent  in  the  hot  months.     In  cold  climates  it  cea 
almost  entirely  when  tlie  eartli  is  encased  with  frosts 

Permanent  subterranean  well  or  spring  suppliers  receive 
rarely  more  than  a  very  small  share  of  their  yearly  replen- 
ishment between  each  May  and  October,  their  continuous 
flow  being  dependent  upon  adequate  subterranean  stomge* 

Such  storage  may  be  due  to  collections  in  bi-oad  basins, 
to  collections  in  numerous  fissures  in  the  rocks,  or  to  very 
gradual  flow  long  distances  through  a  porous  stratum  ivhere 
it  is  subject  to  all  tlie  limiting  effects  of  retaixlation  includ«Hl 
undiT  the  general  term,  friction. 

In  the  latter  case  a  great  volume  of  eartli  is  satunit-ed, 
and  a  great  volume  of  water  is  in  course  of  transmission, 
and  tlio  flow  continues  but  slightly  diminished  until  aft»*r 
a  drought  upon  the  surface*  is  over  and  the  parched  surface 
w<vils  mv  again  saturated  and  filling  the  interstices  of  perco- 
lation anew. 

For  an  approximate  computation  of  the  volume  of  per- 
eolation  into  one  square  mile  of  porous  gathering  area, 
oo\n»riHl  with  the  ordinary  superficial  layer  of  vegetable  soil, 
lihd  uiuh^r  usual  favorable  conditions  generally,  let  us 
UKi^ume  that  tlie  mean  annual  rainiall  is  40  inches  in  depths 
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and  tliat  in  the  seasons  of  droughts,  or  the  so-called  dry 
years,  60  per  cent  of  the  mean  monthly  percolation  ^iU 
take  place. 

TABLE     No.    31, 

Percx>lation  of  Rain  into  One  Square  Mile  of  Porous  Soil. 

Assijm^  >feaa  AnaiuU.  RAin  40  Inches  Depth. 
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From  sprhiff^^  with  the  aid  of  capacious  storage  reser- 
voirs, it  might  be  possible  to  iitUize  fifty  per  cent,  of  the 
aliore  volume  of  percolation.  From  wells^  it  would  rarely 
be  possible  to  utilize  more  than  from  ten  to  twenty  per  cent. 
of  the  volume. 

Fifty  per  cent,  of  tlie  above  total  estimated  volume  of 
percolation  would  be  equivalent  to  a  continuous  &*u]»ply  of 
fi  cubic  feet  per  day  each,  to  3391  j^ersons,  or  126,823  gal- 
lons per  diem  ;  and  ten  per  cent  of  the  same  volume  would 
'he  ecjiiivalent  to  a  like  supply  (37.4  gals,  dailj^)  to  678 
persons,  or  25,357  gallons  per  diem. 

Wells  sunk  in  a  great  sandy  plain  bordering  upon  the 
ocean,  or  bordered  by  a  dyke  of  iinpenious  material,  would 
give  greater  and  more  favomble  results,  for  in  such  case  the 
conditions  of  subterranean  storage  woidd  be  most  favorable, 
but  such  are  exceptional  cases. 


IHAPTER    VIII. 

IMPURITIES    OF   WATEa 

[ipOHitioit  of  Water* — If  a  quantitj"  of 
pure  water  is  separated,  clieaiically,  the  constituent  parts 
win  l>i^  two  in  number,  one  of  which  weiglung  one-ninth  as 
nuicii  as  the  whole  will  be  hydrogen,  and  the  other  jiart 
oxygen  ;  or  if  the  parts  of  the  same  quantity  be  designated 
by  volume,  two  parts  will  be  hydrogen  and  one  jiart  oxygen. 

These  two  gases,  in  just  these  proportions,  had  entered 
simultiineously  into  a  wondrous  union,  the  mystery  of 
which  tlie  human  mind  has  not  yet  fathomed.  In  fart 
many  years  of  intense  intellectual  labor  of  such  profound 
investigators  as  Cavendish,  Ijemery,  Lavoisier,  Vol ta,  Huni- 
holdt,  Gay  Lussac,  and  Dumas  were  consumed  before  the 
discovery  of  the  proportiouB  of  the  two  gases  that  were 
capable  of  entering  into  this  mystic  union, 

98,  HoliitioiiH  in  Water. — If  two  volumes  of  oxygen 
are  present*^  to  two  volumes  of  hydrogen,  one  only  of  the 
oxygen  volumes  will  be  capable  of  entering  the  uuion^  and 
the  other  can  only  be  diffused  through  the  compound,  water 

When  alcohol  is  poured  into  water  it  does  not  become 
a  pail  of  tlie  water,  but  is  diffused  throug)i  it. 

This  we  are  assured  of,  since  by  an  ingenious  operation 
we  are  able  to  syphon  the  alcohol  out  of  the  water  by  a  fl 
method  entirely  mcK^lianicaL  If  we  put  some  sugar,  or 
alum,  or  carbonah*  of  soda  into  water,  the  water  will  cause 
the  crystals  to  separate  and  be  diffused  throughout  the 
liquid,  but  they  will  not  be  a  part  of  the  water.    The  water 
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Tuight  be  evaporak*d  away,  when  the  sugar,  or  alum,  or 
soda  would  have  returned  to  its  crystalline  state.     In  these 

^<:a8es,  the  sui-plus  Iiydrogen,  the  alcohol,  and  the  constitu- 
ents of  the  crystalline  ingredient  are  diffused  tlirongh  th<^ 
prater  as  impurities. 
If  in  a  running  brook  a  lump  of  rock  salt  is  placed,  the 
current  will  flow  around  it,  and  the  water  attack  it,  and  will 
dissolve  some  f)f  its  particles,  and  they  will  be  diffused 

■  through  the  whole  stream  below,  A  like  effect  results  when 
^kR  streamlet  flows  across  a  vein  of  salt  in  the  earth.  In  like 
^r  manner,  if  water  meets  in  its  passage  ovc*r  or  through  the 
I     earth,  magnesium,  potassium,  aluminium,  iron,  arsenic,  or 

■  other  of  the  metallic  elements,  it  dissolves  a  part  of  them, 
I     and  they  are  diffused  through  it  as  impurities.    In  like 

■  manner,  if  water  in  its  passage  through  the  air,  as  in 
I     ^Jiowers^  meets  nitrogen,   carbonit*    acid,   or  other  gases, 

■  they  are  absorbed  and  are  diffused  through  it  as  impurities. 
P  99,  Properties  of  Water.^-Both  oxygen  gas  and 

hydrogen  gas,  when  pure,  are  colorless,  and  have  neither 
*^^te  nor  smell.  Water,  a  resiilt  of  tlieir  combination,  when 
pure^   in  transparent  tasteless,  inodorous,   and  colorless, 

,     ^^cept  when  seen  in  considerable  depth. 

f  The  solvent  powers  of  water  exceed  those  of  any  other 
liquid  known  to  chemists,  and  it  has  an  extensive  range  of 
affinitii^  Tliis  is  wliy  it  is  almost  imiiossible  to  secure 
water  free  from  impurities,  and  why  almost  eveiy  substance 

I  in  natun?  enters  into  solution  in  water,  Tfiere  is  a  property 
in  water  cajmble  of  overcoming  the  cohesive  force  of  the 
particlt^s  of  matter  in  a  great  variety  of  e4>lids  and  liquids, 
and  of  overcoming  the  ivpulsive  force  in  gases.  'Hie  par- 
L  tides  are  then  distributed  by  molecular  activities,  and  the 
H  icralt  IS  termed  soh/l/on. 
I         Some  substances  resist  tliis  action  of  water  with  a  large 
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W0  rudil^  ackoowledge  Uie  impoftuit  pait  it  plays  in  mx 

\Vaf/?r  l«  clirectly  and  indirpctlj  the  agency  that  dissolre 
mir  PhhU  and  K^'jiorato*  ibera,  and  the  Tehicleby  whicli  tl 
apliropriau?  part«  are  traasmitted  in  the  body,  one  jiart 
t\m  Mklri,  oTi«;  to  tlie  finger-nail,  one  to  the  eye-lash^  to  the? 
hntu^n  phonphatt}  of  lime,  to  the  flesh  casein,  to  the  blood 
filtHnfioii,  U>  IIm*  muBrlf*8  fibrin,  etc.     When  the  stomach  iflH 
\n   \\rn\i\\y  vumViiUin,  natun*  calls  for  water  in  just  tb^^ 
nH|iilnnl    ainoinit    llirougli    the    sensation,    thirst    Grood 
¥fhivv  iIm  n  rrgiilfUc'H  tlie  digestive  fluids,  and  repairs  the 
i(mw*N  [Vhiii  IIn"  wat< »ry  part  of  the  blood  by  evapomtion 
fiiMl    tliK  iirlltum  nf   t\u*  Hvcvi'trng    and    exhaling  orgfin 
TlihMiKli  llin  agrriry  of  iRTspimtion  it  assists  in  tho  reguli 
tlon  of  lioiit  111  \Uv  hmly;  it  cools  a  feverish  blood;  and  it 
alln^rt  M  pairhiiiK  tlih*st  more  eflectnally  than  can  any  fer- 
miMtt«'d  llinit>i\     Water  is  not  less  essential  for  the  regula^ 
(lull  ill'  all  I  he  oixuns  of  motion,  of  sight,  of  hearing,  an3^ 
of  h'nMUM,  timu  In  Iho  in\  ri;:onitiiisx  atmosphere  that  ever  sur^^ 
nmUiU  nn,  tt>  the  lumntenanee  of  tlie  beating  of  the  hear(j| 

If  ft**iin  a  rtlmple  plant  that  may  be*  torn  asunder  and  yet 
w\{y\\  iUH  h)*dm  that  umy  Im*  out  across  the  stomach 
turiMHl  whiiijtf  Hide  out  and  ^till  Main  its  animal  fonetion 
Ihe  wi^er  li*  ^uilt»  dritnl  away,  if  but  for  an  instant  man^l 
V(M\  hlM  woiHli^rfVil  vHHi«ilnicti\*f'  abUity.and  imson  almost 
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diiine,  cannot  restore  that  water  so  aa  to  return  the  activity 
of  life  and  tlie  power  of  reproduction. 

The  human  stomach  and  constitution  become  toughened 
in  time  so  as  to  resist  obstinately  the  pernicious  effects  of 
certain  of  the  milder  noxious  impurities  in  water,  but  such 
impurities  have  effect  inevitably,  though  sometimes  so  grad- 
ually that  their  real  influence  is  not  recognized  until  the 
whole  constitution  has  suffei'ed,  or  perhaps  until  vigor  is 
almost  debtroyed. 

Note  the  i*ffect  of  a  few  catnip  leaves  thrown  into  drink- 
ing water,  which  will  act  through  the  water  upon  the  nerves  ; 
or  an  excess  of  magnesia  in  the  water  will  neutmlize  the  free 
acids  in  the  stomach,  or  lead  in  the  water  will  act  upon  the 
gtims  and  certain  joints  in  the  limbs,  or  alcohol  will  act 
npon  tljc  brain ;  and  so  various  vegetable  and  mineral  solu- 
tions act  upon  various  parts  of  the  bodj^. 

It  would  be  foitunate  if  tlie  pemicions  impurities  in 
^irater  afft^cted  only  matured  constitutions,  but  they  act  with 
most  deplomble  effect  in  the  helplessness  of  youth  and  even 
l>pforp  the  youth  has  reached  the  liglit.    These  impurities 
silently  but  steadily  demnge  tlie  digestive  organs,  di*stroy 
the  healthy  tone  of  the  system,  and  bring  the  living  tissues 
into  a  condition  peculiarly  predisposed  to  attack  by  malig- 
nant diseast^. 

lOl,  Mineral  Inipiirities, — The  purest  natural  waters 
fouiid  upon  the  earth  are  usually  those  that  have  come 
down  in  natural  sti-eams  from  granite  hills  ;  but  if  a  thou- 
id  of  such  streams  are  carefully  analyzed,  not  one  of  them 
will  be  found  to  be  wholly  free  from  some  admixture.  This 
indicates  that  in  the  economy  of  nature  it  has  not  T:>«?en 
cinlainpd  to  be  best  for  man  to  receive  water  in  the  state 
ehemically  called  pure.  A  United  States  gallon  of  water 
weigba  sixty  thousand  grains  nearly.    Such  waters  as  phy- 
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srmud  um^j  prcn^miice  good  potable  iraiers  usTe  iron 
ooe  ta  elglil  of  these  gmiafi  imBi^it^  in  cadi  gaUa^ 
unpwttHi  dWnflBd  flDOii|^  tkaiL  Tbne  i0ipiinlie6  are 
imlljmairfttlled  iolo  tuv  guHud  lateBes^  tlie  ooe  dedfcd 
more  fanmBdialely  from  adnenls,  the  crthcr  deiir^  directly 
^  or  itidiiwlly  firocD  liriisg  Qtgurinii&  The  first  are  teraied 
mineral  bapmiHe^  and  the  other  ^rpamie  imparities 

Tlie  mirarral  impurities  majr  be  resolved  by  the  chemist 
into  thi?ir  oi%iiial  elementanr  forms,  and  they  are  usually 
fauiid  to  be  one  or  more  of  the  most  genefallj  distribnted 
metallic  elementa,  as  eak-mm,  mi^neRium,  iron,  sodinmi 
potassfam,  etc*  If  as  extracted  they  me  found  nnited  with 
carbonic  acid,  they  are  in  this  condition  termed  carbonates; 
If  with  sulphuric  acid,  svlphales ;  if  with  silicic  acid,  sili- 
cateB  p  jf  with  nitric  acid,  nitrates  ;  if  with  phosphoric  acid, 
phoHphfitrH^  i\c, ;  if  one  of  these  elements  is  formed  into  a 
compound  with  clilorine,  it  is  termed  a  chloride;  if  with 
brfHiHHB,  it  iH  tenned  a  hramidej  etc^  A  few  metallic  ele- 
m\n\^M^  umy  thu»  Ik*  reix>rt<}d,  in  different  analyses,  under  a 
gh*at  vari<*ty  of  conditions. 

UVZ.  <lr|*'uiiif*  Iiti|iitritie8. — There  are  a  few  elements 
tJiiit  nnit^'d  form  onjanir  umtter,  as  carbon,  oxygen,  hydro- 
y^inu  nitrop*!^  Hulplmr,  phosphorus,  potassium,  calcium, 
iKoflhiiii,  Hilicoii,  nuinganesej  magnesium^  chlorine,  iron,  and 
tlnoriin*,  Cfiliiin  of  tlmse  enter  into  each  organized  body, 
ami  (liPir  mrnXv  uf  union  tlierein  yet  remains  sealed  in  rays- 
U'vy.  Ill  the  n»Hults  we  n^coguize  all  animated  ci-eutions, 
from  till*  lowfHt  imlpr  of  plants  to  the  most  perfect  quadru- 
I^ihIn  and  tlh*  huinan  s|>ecie8.  All  organic  bodies  may, 
liu\vi'\rr»  Ujiuii  thi»  t^xtint'tion  of  their  vitality,  be  decora- 
poHi^l  by  lii^at  in  the  pn^siMiri'  of  oxygen,  and  by  fermenta- 
Itofi  and  pnln^rartitm. 

The  iiiotallie  elements  an»,  in  the  impurities  of  good 
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potable  waters,  iisiially  much  in  excess  of  the  organic  ele- 
liieuls,  but  the  coutamed  iiitrogeuized  organic  impurities 
indicate  contaminatious  likely  to  be  much  more  harmful  to 
the  constitution  J  and  especially  if  they  are  products  of  ard- 
mal  decompcjsitions, 

103,  TablcH  of  Analyses  of  Potable  Waters.— We 
will  quote  here  several  analyses  of  rutmiug  and  quiet  watem 
that  have  been  used,  or  were  proposed  for  public  water 
supplies,  indicating  such  imparities  as  are  most  ortlinarily 
detected  by  chemists  in  waten  For  condensation  and  for 
convenience  of  comparison  they  are  arranged  in  tabular 
form* 
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*  Nii(\vllliNtitii(Iln^  the  oxroiHling  importance  of  an  intelligent  microeoopi- 
4  III  r^iiiiiliiiitlnii  of  onoh  pm|M)HO(i  domeHtir  water  supply,  in  addition  to  the 
I'liiMiili'iil  iuiiiIuiIh.  i)<)  n*('onl  of  such  examination  is  found  accompanying  the 
ii>|miiIm  ii|Miit  tlH«  wiit(»rH  l)t'n*in  cniimorated.  Lenses  of  the  highest  microscop- 
liiil  jMiwiMn  nhoulil  tN«  iihihI  fnrsurh  pur])ose,  and  immersion  lenses  are  required 
III  iiiiiin  lunhiuoi*i«. 

To  itlidiUi  HpooltuouH  uf  oodimeutary  matters,  the  sample  of  water  may  first 


ANALYSIS   OP   POTABLE   WATERS. 


119 


No.    33. 

River  and  Brook  Waters.* 
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Test  a  day  in  a  deep,  narrow  dish,  and  then  have  its  clear  upper  water  syphoned 
off.  The  remainder  of  the  water  may  then  be  poured  into  a  conical  glass,  such 
as.  or  similar  to,  the  graduated  glasses  used  by  apothecaries,  and  then  again 
allowed  to  rest  until  tlie  sediment  is  concentrated,  when  the  greater  part  of  the 
clear  water  may  be  carefully  syphoned  off  and  the  sediment  gathered  and 
tzangferred  to  a  slide,  where  it  should  be  protected  by  a  thin  glass  cover. 
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TABLE     No,     34. 

Analysis  of  Streams  in  Massachusetts.* 

(Quamities  in  Gimins  p€r  U.  S.  Gallon.) 


Merrimac   River — Mean  of  II  ex 
aminations  above  Lowell. ,  * , . . 

Merrimac    River — Mean  of  12   ex 
ami  nations  above  Lawrence. ... 

Merrimac  River — Mean  of  11   ex- 
ami  nations  below  I-awrence.    . 

filackstone    River,    near   Quinsig- 
amund  Iron  Works 

Blackstoue  River,  just  above  Mill- 
bu ry , . . . .  * .      , . . . 

Blackstone    River,    below    Black- 
stone  ...,..,. » , ■ 

Charles  River,  at  Waltham*  ,*,.,.. 

Sudbury  River,  above  Ashland .... 

Sudbury  River,  at  Concord 

Concord  River,  at  Concord , , 

Concord  River,  at  Lowell 

Ncponset  River,  at  Readville  . .  . . , 

Neponset  River,  below  Hyde  Park 


5 

si 

< 


s  o 

ji 


0.0027 

.0026 
.0018 
,105 

.024 

,004 

.0035 

»oo30 

.0026I 

.0047; 

.00271 

.0027! 

,0064; 


0.0066! 

! 

.0064 

.0074 

.015 

.013 

.008  \ 
.0096 
.0107 
.0115 
.0158 

0097 
.0158 
.0175 


Souo  RssmuB  or 
FiLTUKO  Watki< 


1.38 

1. 41 
1.54 
l.gB 
3  62 

1.66 
2.26 
1,63 
2.22 
1.80 
2.85 
1.40 
2.10 


1^ 

5* 


z,ox 

.98 
1  05 

1.98 

1,75 

f  .31 
1.07 
3.50 

1.42 
1.59 

t.gS 
1-77 


I 


2.39 
2-59 

4-37 


3.87 


1 


0.06 

.19 

.n 
.50 
.37 

.21 

-a3 

.18 

.30 

.36 
•  39 

.30 


104.  Kat]f>8  of  Staiiclaril  OullonH. — A  portion  of  tli* 

above  analyses  were  tbiuid  with  tlieir  quantities  of  im- 
purities expressed  in  grains  per  imperial  gallon,  a  British 
standard  measure  containing  70,0(X)  grains,  and  some  of 
them  expressed  in  jmrts  per  1(XX*M>0  parts.  They  have  all 
Ih^'U,  as  have  those  following,  i^educed  to  grains  in  a  U.  S. 
^etandard  gallon,  containing  58372.175  grains. 

The  degrees  of  hardness  are  expressed  by  Clark^s  scale, 
wliich  refers  to  the  imperial  gallon. 


*  Selected  from  the  Fifth  Annual   Report  of  the  Mass.  State  Board  of 

Health. 
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The  other  quantities  may  be  easily  reduced  to  equira- 
Itmts  for  imperial  gallous,  by  aid  of  logarithms  of  the  quau- 
titles  or  of  the  ratios : 

tmpeiiai  gallon — No.  of  grains 70000  Logantlim»  4,845098 

U*  S.  gallon— No.  of  grains .-5837z»»75  "  4,766306 

Ratio  of  imp.  to  (J.  S,  gallon 1.199201  '*  o.ojESq2 

**      of  LT.  S  lo  imperial  gallon 833886  "  1.921 108 

••     of  cubic  foot  to  one  imp.  gallon. . ,  6,23310  **  0.794634 

••      "      U,  S.     *•      .    .  7.48052  *•  0,873932 

**      "    one  imp.  gall,  to  one  cu.  ft 16046  **  i.205367 

' U.S. \...     .13368  "  i,is6o66 

The  follovriiig  analyses  of  various  well  waters  are  in  a 
more  condensed  form : 

TABLE     No.    38. 

Analyses  op  Water  Supplies  from  Domestic  Wells. 
(Quantities  in  Grains  p«r  U.  S.  Gallons.) 


Wells. 


fttOD, 


Albany,  Capital  Park 

**        Lydius  Street, ...... 

**        average  of  several. . . 

Beacon  Hill .... 

Tfeifjuni  Sircct.,... 

Long  Acre 

average  of  three*. . . , 

Old  Artesian .  ♦ 

I  ,  Mass. 

1  U  I 

averaipe  of  several. 
CKjirle^tDWTi,  Mass , . , . . 


Dedbam,  Mass,,  Driven  Pipe 

**       Artesian 

!  ^  Mass.,  average  of  seventeen. 

i .  Conn.,  No.  i 

No.  2 

^  *       No,  3 

*  «       No.  4 

•  *•       N0.5 • '   - 


ii 


5^ 


S4  35 

9.89 


4.08 
35.16 


Hi 

I! 


1.85 

4.08 


a. 41 


1. 13 
I. II 
7.00 


65. 

19 
48. 
50. 
26. 

44 

55< 
13- 
45. 
48, 
3fi 
12. 
I]6, 
56. 
6 

5. 
33, 
19 
32 

37 
43 
69 


S-: 


.iO<' 


It 

8 

to 
*9 


17 
39 
44 

55 

33 
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Analyses  of  Water  Supplies  from  Domestic  Wells — (Continuei\ 


Weixs. 


\ii 


u  < 

OS 


11 


Indianapolis,  Ind 

Lowell,  Mass.,  average  of  fifteen 

London,  Eng.,  Leadenhall  Street 

"      St.  Paul's  Churchyard. 

Lambeth,   "       

Lynn,  Mass 

Manhattan,  N.  Y 

"  "    average  of  several . . . 

New  Haven,  Conn.,  average  of  five. . . 

New  York,  west  of  Central  Park 

average  of  several. 


90.38 


Newark,  N.  J.,  average  of  several 

Providence  K.  I.,  average  of  twenty-four. 

••  •*      purest  of  ** 

"      foulest  of 

Portland,  Me.,  average  of  four 

Pawtucket,  R.  I 


38.95 


24.05 

7.76 

56.99  I 

1335 
29.16  > 
25.08 
18.68  1 


Paris,  France,  Artesian 

Rochester,  N.  Y.,  average  of  several. 

Rye  Beach,  N .  H 

Springfield,  Mass 


I 


Schenectady.  N.  Y.,  State  Street. 
Taunton,  Mass 


NValtham.     * 
NVinchester. ' 


Pump. 


NVoburn.  Mass..  average  oi  four. 


6.08 

2 

43 

7.82 ' 

2 

03 

8.81 

2 

01 

11.53 

I 

91 

14.83  , 

3 

08 

46. 88  1 

2 

33 

20  14 

2 

98 

39.86 

4 

09 

7.6S 

4 

08 

17-79 

7 

46 

4.0D 

2 

40 

8.00 

2. 

40 

lo.So 

2 

<H 

51.52 

4 

60 

59 


59 


60  00  I 
39-33 
99-97 
62.54  I 

83-39  I 

34.08  ! 

104.00  : 
49.00 
20.32 

43-54 
58.00 
19.36 
33.02 
II. II 
81. II 
18.48 
32.19 
28.81 
22.30 
9.86 
30.00 
8.51 
9.85 
10.82 

13  44 
17.91 
49.21 
23.12 

43.95 
11.76 
25.25 
6.40 
10.40 
13.20 
56.12 


8.71 


10.87 

7.70 

22.26 


KKS.  Atmospheric  Iiupurities.— The  constant  disin- 
U^mtion  of  miuenil  matters  and  the  ccHistant  dissolations 
lUT  orjsauic  matters  and  their  disseminations  in  the  at- 
iiiw)4ien\  otR^r  to  tailing  rains  ever-preeent  sources  of  ad- 
litxtun\  tinely  oomminuted  till  just  on  the  verge  of  trans- 
Avmuiti\m  iutv^  their  i>ri^nal  elements.  The  force  of  the 
^tiHl^  the  UH^wmeuts  of  animaK  the  actions  of  machines^ 
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lerery  moment  producing  friction  and  nibbing  off  minute 
particles  of  rocks  and  womls  and  textile*  fabrics.  Decaying 
organij^ius,  breaking  into  fibre,  are  caught  up  and  wafted 
and  distributed  Mtber  and  thither. 

The  atraoi^phei'e  is  thus  bui-dened  with  a  mass  of  lifeless 
j^article*'  pulverized  to  transparency. 

A  ray  of  strong  light  thrown  through  the  atmosphere  in 
tlie  night,  or  in  a  dark  room,  reveals  by  n-tk*ction  this  sea  of 
matter  that  vision  passes  through  in  the  light  of  noonday. 
These  matters  the  mists  and  the  sliowers  absorb,  and  dis- 
solve in  solution. 

The  respimtions  of  all  animate  beings,  the  combustions 
of  all  hearth-stones  and  funiaces,  and  the  decaying  dead 
animals  and  vegetables,  continually  evolve  acid  and  sul- 
phurous gases  into  tile  atniosphen:\  Chief  among  the  del- 
eterious gases  arising  from  d(Tompositions  aw  carbonic 
acid,  nitrous  and  nitric  acids,  cliluiine,  and  ammonia. 
Tliesi^  an?  all  soluble  in  water,  and  the  mists  and  showers 
absorb  them  freely.  Eliivnberg  states  that,  exclusive  of 
inorganic  substances,  he  has  detected  tlo-ee  hundred  and 
twenty  species  of  organic  fonns  in  the  dust  of  tlie  mnds, 
lli'uce  the  so-called  puR^  w^aters  of  heaven  are  folded,  before 
they  reach  the  earth,  with  t!ie  solids  and  gases  of  earth, 

too.  Hub-siu*face  Iiiipiirities. — The  waters  that  flow 
over  or  tlirougli  the  crevices  of  the  granites,  gneisses,  ser- 
p*'ntines,  trappeans,  and  mica  slates,  or  the  silicious  sand- 
al- 'lies,  or  over  the  earths  r< ^suiting  from  their  disintegrations, 
are  not  usually  impregnated  with  them  to  a  liarmfid  extent^ 
they  being  nearly  insoluble  in  pui*e  water. 

The  limestones  and  chalks  often  impart  qualities  objeo- 
rtionable  in  j^otable  waters,  and  troulilesonu*  in  the  house^ 
bold  uses  and  in  processes  of  art  and  manufactuTv. 

Tlie  drift  formation,  wlierever  it  extends,  if  unpolluted 


by  organic  remains  upon  or  in  its  surface  soil,  usually  mip- 
plies  a  wliolesome  wat(?r. 

The  presence  of  carbonic  acid  in  water  adds  materially 
to  its  solvent  power  upon  many  ingredients  of  the  soil  that 
are  often  pi\^sent  in  tlie  drifts  such  as  sulphate  of  lime, 
chlorido  of  sodium,  and  magnesian  salts,  and  upon  orgami| 
matters  of  the  surfaee. 

Carbonic  acid  in  mi n- water  that  soaks  through  foul  sur- 
face soils,  gives  the  water  power  to  carry  down  to  the  weUs 
a  supembundance  of  impurities,  ^ 

The  presence  of  ammonia  is  a  quite  sure  indication  of 
recent  contiunination  witli  decaying  organic  matter  capable 
of  yielding  ammonia,  whether  in  spring,  stream,  or  well. 
This  readily  oxidizes,  and  is  thus  converted  into  nitrous 
acid  and  by  longer  exi>osure  into  nitric  acid. 

These  acids  combine  tnx4y  with  a  lime  base,  as  nitrate 
and  nitrite  of  lime. 

Analysts  attach  great  importance  to  the  nature  of  the 
nitrates  and  nitrites  present^  as  indications  of  the  nature  of 
the  contaminations  of  the  water,  ^1 

Somt^  of  the  .subterranean  waters  penetrate  occasional^ 
sti-ata  that  wholly  unfit  them  for  domestic  use,    A  portion 
of  the  carboniferous  rocks  are  composed  so  largely  of  min- 
eral salts  that  tlieir  watei-s  partake  of  the  nature  of  brine,  as 
in  parts  of  Ohio  ;  in  the  Kanawha  Valley,  West  Virginia; 
and  in  parts  of  Kew  York  State  ;  for  instance,  at  Syracusei— 
when?  the  manufacture  of  salt  from  sub-surface  water  Ij^^^ 
assumed  gn^at  commercial  importance.    In  other  sections, 
the  bituminous  limestones  ai'e  saturated  with  coaboils,  as  il^| 
the  famous  oil  regions  of  Pennsylv<ania.    Tlie  dark  w^aters 
from   tho  sulphurous  strata  of  the  Niagara  group  of  the 
Ontario  geological  division  are  frequently  impregnated  witli_ 
sulpliui^etted  hydrogen. 
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H  along  the  western  flank  of  the  Appalachian  chain j 
from  St  Albans  and  Saratoga  on  the  north  to  the  WMte 
Sulphur  Springs  on  the  south,  the  fnx|iient  mineral  springs 
jive  evidence  of  the  saline  snb-stmcture  of  the  lands,  while 
like  evidences  have  recently  become  conspicuous  in  certain 
portions  of  Kpntucky,  Aiizona,  New  Mexico,  Utah,  Califor- 
fiia,  and  Oregon. 

107.  Deep- well  ItiiiHiritieB* — Deep  well  and  spring 
waters,  except  those  from  dipping  sand  or  sandstone  strata, 
mt^  especially  liable  to  impregnations  of  mineral  salts, 

Tliese  impurities  from  deep  and  hidden  sources,  when 
present  in  quantities  that  will  be  harmful  to  the  animal 
c^onstitution^  are  almost  invariably  perceptible  to  the  taste, 
aind  are  rejected  instinctively. 

108.  IIar<leiiiii^  Iiiiiiurities* — Tlie  solutions  of  salts 
lirae  and  magnesia  are  among  tlie  chief  causes  of  tlie 

ciuality  called  hardnesii  in  water.  Their  carbonates  are 
T>roken  up  by  boiling,  for  the  heat  dissipates  the  carbonic 
acid,  when  the  insoluble  bases  are  deposited,  and,  witli  such 
other  insoluble  matters  as  are  present,  form  incrustations 
such  as  are  seen  in  tea-kettles  and  boilers  whi^re  hard  waters 
have  been  heated*    The  cai'bonates,  in  niodeitite  quantities, 

less  troublesome  to  human  constitutions  than  to  steam 
users.  The  effects  of  the  carbonates  ai'e  termed  tempoTary 
Iiarflness,  The  sulphates,  chlorides,  and  nitrates  of  lime 
and  magnesia  are  not  dissipated  by  ordinarj^  boiling. 
Their  effects  are  tlierefore  termed  permanent  hardness. 

An  Imperial  gallon  of  pure  water  can  take  up  but  about 
two  grains  of  carbonate  of  lime,  when  it  is  said  to  have  two 
(Ut^rees  of  hardness ;  but  the  presence  of  carbon ir  acid  in 
the  water  will  enable  tlie  same  70,tMH)  grains  of  water  to  dis- 
jalve  twelve,  slsrteen,  or  even  twenty  grains  of  the  carbonate, 

en  it  will  have  twelve,  sixteen,  or  twenty  d^rees  of 
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hardness,  according  to  the  number  of  giuns  taken 

Bolutlon, 

Tliese  salts  of  lime  and  magnesia,  and  of  iron,  in  water, 
have  the  property  of  decomposing  an  equivalent  quanthjr 
of  soap»  rendf^ring  it  m^eless  as  a  detergent;  thus,  one 
degree  or  grain  of  the  carbonate  neutralizes  ten  grains  of 
soap;  two  degret*s,  twenty  grains  of  soap;  three  de^reee^ 
tliirty  grains,  etc. 

Tfiis  source  of  ?ra^fefi  om  foul  hard  waters,  which  extends 
to  the  destruction  of  many  valuabh?  food  properties,  as  well 
as  to  (hi'HitiTjpng  soap^  is  not  sufficiently  appreciated  by  the 
general  public. 

It  may  be  safely  asserted  that  a  foul  hard  well  water 
will  destroy  from  tlie  family  that  uses  it,  more  value  each 
yeiir  tlian  would  be  tlie  cost  in  money  of  an  abundant  a 
supply  of  water  for  domestic  ]>urposes,  from  an  accessible  ™ 
public  wat4'r  supply ;  and  this  refers  to  pui*chased  articles 
merely,  and  not  to  destruction  of  human  health  and  energy, 
which  are  beyond  price. 

lOlK  Teiiiperaiurc*s  of  Deep  Sub- surface  Waters. 
— Very  d<H*p  well  aud  .spring  waters  have,  upon  their  first 
issue,  too  high  a  teini>eniture  Tor  drinking  piu*poses,  as  from 
the  aitesian  wells  of  the  Paris  basin,  which  rise  at  a  tern- 
|H»niture  of  82'  Falh,  and  as  from  liot  springs,  among  which^ 
for  illustration,  may  be  mentioned  the  Sulphur  Springs^ 
Florida,  of  7(r  PalL,  the  Lt>banon  Sprin^is,  N,  Y,,  of  73'  F. ; 
and,  as  extremes  of  high  temperature,  the  famous  geysers 
of  the  Yellowstone  Valley,  at  a  boiling  temperatiu-e,  and 
the  large  hot  spring  near  the  eastern  base  of  tlie  Sierm 
Nevadas  and  Pyramid  Lake,  ^vliose  bmad  yjool  has  a  tem- 
perature of  206-,  and  central  issue  212^.  Tlie  springs  at 
Ctiaudes  iVigues,  in  France,  have  a  temperature  of  176% 
and  the  renowned  geysers  of  Iceland,  of  21 2^ 


4 

4 


Drpth  io  Feet, 
Temperature,  deg,  Fah. 


HO.  Deeonipo8ijig"  Org:iinic  Iiiiimrities*— K  we  re- 
solve, chemically,  a  piece  of  stone,  ore,  wood,  fruit,  a  cup 
of  water,  or  an  amputatt^d  animal  limb,  into  their  simple 
elements  witliin  the  limits  of  i-xact  cliemical  invps^tigation, 
we  shall  find  tluit  their  varied  compositinns  and  proper- 
ties are  results  of  combinations,  substantiaDy,  of  the  same 
few  elements ;  and  that  theargra/itc  substances— that  is,  such 
^yu  are  the  result  of  growth  under  the  influence  of  their  own 
^vitality — are  composini  chiefly  of  carbon,  0x3  gen,  hydrogen, 
and  nitrogen,  with  spare  proportions  of  a  few  metalloids, 
as  alHJve  eunmerated.  The  general  order  of  prcniomi nance 
of  the  gases  and  metalloids  is  not,  however,  quite  the  same 
in  miueml  as  in  organic  matters.  But  notwithstanding  this 
appar»_*nt  simihirity  of  chemical  compositions,  there  is  a 
quality  in  organic  substances  accompanying  the  vital  force, 
that  makes  it  as  widely  diflTerent  in  essential  characteristics 
from  simple  mineral  compounds  as  lile  is  fmm  death. 

The  myrrterious  properties  which  accomiiany  only  the 
vital  fonje  do  not  submit  to  analyses  by  hnnian  art.  They 
an'  known  only  by  their  results  and  their  effect-s. 

In  the  natural  decomposition  of  animal  matters,  espe- 
cially in  their  stage  of  putrefaction,  their  elements  are  often 
in  a  condition  of  molecular  activity  tliat  will  not  admit  of 
their  being  safely  brought  into  contact  with  the  human 
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circulation,  where  tliey  will  be  liable  to  induce  similar  con- 
ditions. 

Witness  the  extreme  danger  to  a  surgeon  who  receives 
a  minute  quantity  of  animal  tlxxid  into  a  sore  upon  his  hand, 
when  dissecting  a  dead  body,  even  though  the  life  has  been 
extinct  but  one  or  two  days. 

The  excreta  of  living  animals  also  passes  through  a 
decomposing  transformation,  in  which  stage  they  cannot 
safely  be  brought  into  contact  with  the  human  circulation,  f 
however  finely  they  may  be  dissolved  in  water,  when  re- 
reived.  H 

Tlie  process  of  decay  in  dt^ad  animal  bodies,  and  of  de-" 
composition  of  vegt^table  substances,  is  quite  rapid  when 
moistiut?  and  an  abuudance  of  atmospheric  air,  or  available 
oxygen  in  any  lbmi»  are  present,  and  a  warm  temperatumfl 
jironiotes  the  activity  of  tlie  elements  ;  lieoce  the  same  mat* 
ter  does  not  long  remain  in  its  most  objectionable  state,  but 
from  the  multiplicity  of  bodies  on  every  hand^  a  constant 
source  of  pollution  may  be  maintained. 

Potable  waters,  wlien  exposed  to  those  organic  matters 
in  proct*ss  of  rapid  decay,  metH  perhaps  their  most  fatal 
sources  of  natiiral  contamination,  thai  are  not  readUy  de-  ^ 
Ud^l  by  tht  ryr  and  tonffut,  | 

111.  VeKt^tuble  Orgrnnie  I iii purities, —Kature  around 
us  swarms  with  an  aluuidance  of  both  vegetable  and  ani-fl 
nial  life,  in  Jiir,  in  earth,  in  stream  and  sea,  and  therefore  " 
diMith  is  constantly  on  every  hand,  and  its  dissolutions 
met*t  the  waters  wherever  they  fall  or  flow,  Tliei^  are 
numerous  plants,  tre<^  insects,  and  animals  that  we  recog- 
ni«i^  day  by  day,  but  them  are  undoubtedly  species  and 
fhi^^"^  moi\^  innunieniblenlnnvaiHi  below,  that  we  can  dis- 
eovt^r  only  when  our  virion  is  aidt*d  by  magni^ng  U^nses, 

r^Hm  the  iititidow  pi^ols  and  small  ponds  of  the  swamps. 
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species  of  microscopic  fongi,  not  unlike  the  mould  upon 
decaying  fruit  tliougli  less  luxixriant,  are  found  in  abun- 
dance by  searchers  who  suspect  their  presence.  To  the 
general  observer  they  appear  as  dust  upon  the  water  or 
^i\^e  to  it  a  slight  appeamnce  of  opaqueness. 

There  are  8j)ecies  of  fi-esh-water  algse  that  thrive  in 
abundance,  peculiar  to  all  seasons,  and  they  are  said  to  have 
\>p^n  foiuid  in  the  heated  waters  of  boiling  spring  basins, 
and  als<j  in  healthy  life  within  an  icicle,  and  they  are  the  last 
of  life  high  U])  on  the  mountaiji  slopes,  near  the  boixlers  of 
vternal  snows.     Dit4:hes,  pools,  s|>rings,  rivers,  lakes,  and 
drippiag  grottoes  have  each  their  native  class.     In  stagnant 
wat4»r8  abound  the  oscillatorisB  of  dull-greenish  or  dark- 
purplish  or  bluish  color,  forming  dense  slimy  strata,  and 
he  brighter  gret^n  zygenemas  which  float  or  lie  entangled 
Imong  tiie  water  plants. 

The  desmids  abound  in  the  early  spring  of  tlie  year,  and 
various  alg^  flourish  in  the  autumtL     A  thrifty  fungus  of 
the  genus  Noctus  frequents  the  quiet  waters  of  lower  New 
England  and  the  Middle  States. 

Tlies*.*  planta  at  their  dissolution  often  impart  an  tjily 

^ppc^arancp,  a  greenish  or  brownish  color,  and  a  some  w  liat 

Offensive  sraell  to  the  water.     The  noctos,  while  in  active 

>wth,  forms  pai-t  of  the  green  scum  often  seen  npfoi  the 

"Surface  of  still  water.    The  tishy  suiell  and  the  color  which 

lh«*y  impart  to  tlie  water  in  decomposing  SfH*mB  to  be  largely 

due  to  an  essential  oil  which  they  give  out  when  breaking  up. 

1X2*   Vegetal    Org^iiiinniH     in    Water-Pi |>es.  —  A 

confenie  has  been  found  grownig  and  multiply- 

ly  within  water-pi{»es,  having  taken  root  in  the 

fiiiff  organic   sedimnnt  depositi^   from   feeble   currtmts  of 

er  in  the  dead  ends  or  in  the  large  mains.     These  micro- 

"flcopic  plants,  after  matuiing  in  abundance,  are  detached 
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brjr  Ibe  ciurpiit,  decampoee^  and  impart  an  appn^ian 
mmatml  cif  odor  auid  t&sle  Id  tbe  waUer,  reduce  its  uuiispar- 
eocy  and  giTe  a  stigbt  tinge  of  color. 

lis.  Atttmate  Or|;:aiiie  Iiuiiuritie^.^ — ^Tlie  waters  are 
not  \em  pregnant  with  animate  ttian  vegc^tal  life.    The  mi-  ■ 
erottcope  baa  het«  extended  our  knowledgt>  of  varietie?i  ami 
mtmbcfs  et  specieB  also,  e^peciaUj  in  wah>rs  inftised  idth 
organic  snbstaiiees^ 

Tbe  tiny  infiuioria  were  first  discoTered  in  strong  iregeta-fl 
ble  infnsioDS,  hence  the  name  giTen  to  them ;  but  witli  the 
extenfrfon  of  microscopical  science,  the  class  has  been  ex- 
tended  to  inclnde  a  variety  of  animate  existences,  from 
quiet  fresh  water  sponge  to  tlie  most  enei^tic  little  creai 
that  battle  ferocionsly  in  a  drop  of  water. 

Dr.  Grace  Calvert  lias  shown  ^  that  when  albnmen  fmm 
a  new  laid  egg  is  introduce  in  pure  distilled  water  and 
expOHed  to  the  atmosphere,  minute  globular  bodies  soon 
npjiear  having  independent  motion.  Tliese  he  denominated 
monads. 

Th**ir  ap|M\imnce  was  earlier  in  lake  water  than  in  dis* 
tilled  waU  r,  and  earliest  and  most  abundant  in  solutions 
of  larg</st  exposure  to  tin*  atmosphere. 

Tliese  monads  have  diameters  of  about  y^^tnnr  of  an 
inch ;  in  tlieir  next  successive  stage,  of  about  g^y^  of  an 
Inch  ;  and  then  of  about  ^V?y  ^f  ^^  inch.  lb*  denominates 
ttiem  vibnoH  ill  the  two  last  stagc*s.  Then  they  clianire  into 
oells,  having  jkhvit  to  i>as8  over  tlie  field  of  the  microscope 
rapidly. 

The  albuminous  products  of  decaying  leaves  and  plants 
In  water  alsti  promt >te  the  gi^neration  of  aquatic  life,  and 
dead  aiiiiiml  substances  are  almost  immediately  inhabited 
by  a  myriad  of  cnuitun*s. 

^  rili««ni  nnki  liefaro  the  HoyitA  Sc»cietT«  Ij>iidoD. 
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iseussion  upon  the  question  of  spontaneous  gene- 
in  progifss  at  tlie  opening  of  onr  centennial  year,  is 
many  new  and  interesting  exjierimental  results  to 
the  researches  of  Pasteur  and  Schi-oeder,  relating  to  the 
j>roj)agation  of  bacterial  life  from  atniosplieric  mote  germs, 
and  the  agency  of  germs  in  the  spread  of  i'jHdemic  eontagia. 
Prof.  Tyndall  and  Dr.  Bastian,  tin:  leading  controversialists 
in  tliis  discussion,  are  agreed  that  both  vt^getable  and  animnl 
iofusicms,  if  exposed  to  the  summer  atmosphere,  will,  ordi- 
narily^ abound  in  bacterial  lifi'  in  about  three  days. 

ThrTe  ai-e  also  in  tlie  streains  and  lakes  the  larger 
zoophytes,  niollusea,  articulata.  and  cnistacea,  some  of  which 
are  familiar  prodncts  of  the  watem  and  also  lish  in  gi>?at 
variety. 

But  all  of  these  do  not  pass  through  the  objectionable 
putrefactive  stage  described  above.  The  weaker  classes 
an?  food  for  the  stronger,  and  the  smaller  of  some  classes 
food  for  the  laiger  of  the  same  class.  Of  the  many  tliat 
come  into  being,  comparatively  few  survive  till  a  natund 
deatli  terminates  their  existence,  but  eacli  devours  others 
for  a  substantial  i>art  of  its  own  nourislmient,  and  hides, 
tightis  or  retreats  to  jiresen^e  its  own  existence. 

114,  Prtniag-ation  iif  Aciitatie  Ori;:aiiisnift.— A  warm 
torn  jiemtiu-e  of  both  air  and  water  are  ivquisite  for  the  abun- 
dant proiMigation  <»f  aquatic  life.  The  pivsence  of  a  consid- 
curable  amount  of  either  vegetable  or  animal  impurities  in 
the  waters  seems  also  a  requisite  for  the  lower  grades  of  life. 

How  far  certain  electrical  influences  in  the  air  and  water 
control  the  results  are  not  yet  determined.  Certain  it  is> 
however,  that  the  microscopic  creatures  sometimes  swarm 
suddenly  in  abundance  in  qui«4  lakes  and  pools,  in  a  seem- 
ingly unaccountable  mannen  remain  in  abundance  for  a 
few  days,  or  jKjssibly  a  few  weeks  in  rare  seasons,  and  then 
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as  mysteriously  dis^ippear.  There  is  a  similar  appearam 
of  microscopic  jilants,  when  all  the  natural  conditioos  favo] 
able  thereto  occur  simultaneously,  but  their  coming  cau& 
always  be  pn^cted,  neither  can  the  time  of  their  disaj 
jx^aniiice  be  foR^old. 

A  very  brir'f  existence  is  allotted  to  a  large  share  of  thi 
minute  vegetal  and  animate  aquatic  beings  we  have  had  in 
consideration.    Perhaps  the  greater  share  of  the  animal 
count  scarce  a  single  circuit  of  the  sun  in  their  whole  term  ; 
others  soon  pass  to  a  liigher  stage  in  their  existence,  am 
are  thereafter  terrestrial  in  their  habits. 

115.  Pio'ilyiiig:  Oltiee  of  Aquatic  Life* — One  of  the 
chief  offices  of  the  inferior  inhabitants  of  the  waters  is 
aid  in  their  purification  by  devouring  and  assimilating 
dead  and  decaying  organic  mattei^. 

The  infusorial  animalcule  are  undoubtedly  encou 
in  their  jiropagation  by  the  presence  of  impurities  so  far  as 
to  be  an  unmistakable  indication  of  such  impurities ;  and 
they,  on  the  other  hand,  attack  and  destroy  such  impiiritied^ri 
for  their  own  nourishment,  ^vhen  they  are  devoured,  and^i 
their  devourers  devoured  by  liigher  existences,  till  the  I 
become  food  for  fisli  that  constitutes  a  food  for  man 

This,  and  this  only,  is  the  proper  channel  through  winch 
the  decomposing  oi^anic  impurities  in  water  should  n  ach 
the  human  stomach,  ha\4ng  by  Nature's  wonderful  pro- 
cesses of  assimilation  been  first  converted  into  suj^erior 
living  tissues. 

A  gi'eat  variety  of  fish  are  daily  consumed  for  our  fi 
also  of  molluscfi  from  salt  water,  as  clams,  oysters,  and  mus- 
sels, also  of  cnistaeea,  as  lobsters,  ciiibs,  shrimp,  etc. ;  hence 
we  infer  that  the  liigher  orders  of  fresh  water  inhabitants  are 
not  harmful  while  living  therein,  and  are  nourishing  as  food, 
if  consumed  while  the  influence  of  their  vital  force  n^mains* 
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r  ^iiTpij^  action  of  oxygen  npon  organic  bodies  tends  always 
powerfnily  to  decomposition,  bnt  is  counteiticted  by  tlie 
vital  force.  When  tlie  vital  force  ceases  then  decomposi- 
tion soon  begins,  and  then  the  body  acted  upon  is  unfitted 
for  the  human  digestive  organs. 

116*  Intiiiiute  Kclatifin  between  Grade  of  Orfynn- 
iKms  and  Quality  of  Water. — The  grade  and  character 
of  the  growtlis  in  fresh  water  are  almost  invariably  reliable 
t^ta  of  tlie  quality  of  the  water,  and  if  the  plants  be  fine- 
grained, fimu  and  delicate  in  outline,  or  the  fish  trim  in 
form^  lithe  in  motion,  and  fine  in  flavor,  the  water  is  most 
sure  to  be  good. 

117«  Animate  Orgraiiinnis  in  Water-Plpes, — Nearly 
all  of  the  animate  aquatic  existences  must  rise  frequently 
to  tlie  water  smface  to  secure  their  necessary  sliare  t>f  at* 
mospheric  oxygen.  If  any  of  them,  not  having  trarheal 
gills,  or  their  equivalents,  to  enable  them  to  breathe  a  long 
time  under  water,  are  drawn  into  the  pipes,  and  ai*e  tlms 
imt  off  from  their  supply  of  oxygen,  tliey  soon  perish, 
Tlien,  if  the  water  is  not  of  low  temperature,  their  dectnii- 
position  soon  commences,  and  an  oflensive  gas  from  their 
Ixidies  enters  into  solution  with  the  water. 

118.  Abrasion  Iniinirities  in  Water,  — Tlie  most 
prominent  sources  of  the  frictional  impurities  are  the  banks 
of  clay  and  sand  bordering  upon  the  running  streams,  and 
the  plowed  fields  of  the  hillside  farms.  The  movemt  nt 
of  these  sedimentary  matters  in  suspension  is  dependent 
largely  upon  the  force  of  storms  and  floods,  and  in  the  ma- 
jority of  streams  their  movement  is  rapid  toward  the  sea, 
where  they  are  massed  in  foundations  of  lagoon  sand  islands. 

With  them  are  swept  away  a  great  bulk  of  the  matured 
prodacta  of  vegetation  that  annually  ripen  in  the  forest,  the 
fiehl,  and  uixin  the  banks  of  the  streams. 
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119.  Agrrieultiirul  IiiJinirities,— it  remains  now  iowi 
view  in  outline  the  artijicicd  impurities,  wliich  ar^?  alwayfl 
to  be  shuimed  if  knowB  to  be  present,  and  are  to  be  suJ 
piciously  watched  for,  as  seci^t  poisons  lurking  in  the  cleJ 
and  ^parkJiDg  water.  I 

Thi*se  are,  it  is  true,  compounds  of  mineral  and  organic 
matters,  siniOar  in  many  respects  to  those  ali-eady  con- 
sidered. 

Nature  provides  prompt  acting  remtnlies  for  such  nox- 
ious impurities  as  she  presents  to  the  waters,  and  t 
seasons  of  most  rapid  fouling  have  the  most  abundr 
purifj ing  resources.  But  when  great  bulks  of  deeonijH 
ing  organic  matters  are  massed  and  are  permitted  to  foi 
tlie  streams  with  a  blackening  flow  of  diseaee-indocing 
dregs,  such  as  are  washed  from  fertile  gardens,  or  poo^l 
from  manufactories  and  sewers,  no  adequate,  prompt^  na^^ 
tiuiil  ivmedy  is  at  liand. 

One  of  the  first  results  of  the  massing  of  people  togetli 
Is  an  increase  in  degrt^e  of  fertiliziition  of  the  land  of  th 
neighborhood,  and  thus  the  lauds  over  and  through  whi 
tlunr  waters  flow  are  mixed  with  concentmted  decomposii 
vegetable  and  animal  products. 

120.  >Iaiiiifarturiii|2f    Iiniuirities.  —  Manufaetori 
esp^xnally  such  as  deal  with  organic  products,  are  prolific 
sources  of  contamination.     Among  their  operations  and 
Tefust*  may  be  eiiumenitiHi  as  prominent  polluters,  washings 
of  wool  and  vegetable  dyes  of  woollen  mills,  washing  of  old 
nigs  and  foul  linens  of  paper-mills,  the  hair,  scrapin] 
bark,  and  liquors  of  tanneries,  the  refuse  and  liquors 
glue  fact4)ries,  bone-lx>iling  and  soap-works,  pork  rendei 
ing  and  pa<'king  establishments,  slaughter-houses  and 
works. 

ISIt  St*\%*a|5t*  Iiiipiiritio!*.— Most  foul  and  fearful  of  all 
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aitiTicial  |x>llntioTi8  which  ignorant  and  careless  Iniman- 
ity  penults  to  reach  the  streams  are  the  di-ainage  of  cesspools^ 
fciewers,  j>ig-3tyes,  and  stabh^-yards. 

The  man  wlio  peniiits  his  family  to  use  waters  impreg- 
naie<l  witli  fecal  substances  that  the  Ixxlies  of  other  pt^rsons 
or  animals  have  ah-eady  exeretedj  and  the  authtaities  who 
permit  their  citiz<:'n8  to  use  such  waters,  opens  ft»r  th>*m 
frf*ely  the  gates  to  aches  and  pains,  weakiu'sses  of  body  and 
mind,  injuries  of  tissues  and  blood,  attacks  of  chronic  dis- 
eases and  epidemics,  and  surely  permits  destruction  of 
their  vigor,  shortens  their  average  life,  and  also  degenerates 
the  entii'e  existence  of  the  generation  tliey  are  rearing  to 
succeed  them,  wliom  it  is  their  duty  as  weU  as  pleasure  to 
cherish  and  protect. 

Tlien^  is  no  community,  there  are  very  few  families,  and 
comparatively  few  animals  witljout  disease.  In  large  com- 
munities there  is  nirely  a  time  when  some  virulent  disease 
does  not  exist 

The  products  of  the  humors  and  fevers  of  each  individual 
la  large  jiart  escapes  from  the  body  in  the  feces  and  urine. 
If  drinking  water  is  allowed  to  absorb  these  festi'ring  mat- 
ters, either  in  tlie  ground  or  in  the  stream,  it  ti-ansmit.s  tln^m 
directly  to  the  bhjod  and  tissues  of  other  individuals,  and  a 
linndred  deaths  may  result  from  the  evacuations  of  a  single 
diseasc^d  j>ers<:)iu 

V£2,  Impure  lee  in  Drinking:  Water, — Ice  is  now 
80  generally  used  in  drinking-water  in  summer,  to  c^o<:)l  it 
immediately  before  drinking,  tliat  the  people  should  be 
mcMi  against  such  use  of  ice  gatliered  from  water  that 
woidd  have  bo*n  unfit  for  drinking  before  frt»ezing.  Chem- 
istry ha.s  fully  demonstrated  that  ice  is  not  entirely  purified 
process  of  ciystallization,  as  has  been  popularly 
lieved. 
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The  impurities  that  are  in  that  portion  of  water  tliat 
freezes,  some  of  which  have  just  been  brought  from  tlie 
bottoin  bv  the  vertical  circulation  that  occurs  when  water 
is  chilled  at  the  surface,  are  caught  among  the  crystals  aiid 
presened  there,  as  even  fresh  meats,  and  fruits  might  be 
preserved.  The  process  of  puriHcation  of  tlie  water  that 
would  have  gone  on  by  the  oxidation  of  the  impurities,  is 
chwked  when  they  are  surrounded  by  the  ioe  crystals,  and 
proci*i*ds  again  when  the  ice  melts. 

An  instance,  of  much  notoriety,  of  the  effwts  of  impurBj 
ice,  was  tliat  of  the  sickness  among  the  numerous  guest 
during  the  season  of  1875,  at  one  of  the  Rye  Beacrh  hotels 
a  jK^pular  resori^  on  the  New  Hampshire  coast. 

The  sickness  hem  confined  to  one  hotel  in  the  early  par 
of  the  season,  was,  after  much  search  by  an  expert  physi-j 
cian,  traced  unmistakably  to  the  ice,  which  was  gather 
from  a  small  stagnant  pond,  and  all  the  peculiar  unplea- 
sant symptoms  ceased  when  the  source  was  located  and  a 
pun^r  siip]>ly  of  ice  obtained, 

Au  analyt?is  uf  the  impure  ice  in  question,  by  Professor 
W,  R.  Nicliols,  gave  the  following  result,  by  the  side  of 
which  is  phicod  a  like  analysis  of  water  from  Cochituate 
Lake,  for  the  pui'pose  of  comparison  : 
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ia:J.  A  Selenttfle  DefiiiitHm  of  Polluted  Wateiv— 

bubj«*ct,  as  the  sensitive  water  L-s,  to  imiuuierable  deteriom- 
ting  aiul  purifyiug  influences,  in  it^  trdiislbnuationH  and 
varied  ccmrse  from  the  atmosphere  to  the  household  foun- 
tain, it  becomes  of  the  greatest  sanitary  importance  to  know 
when  the  detc?riorating  iiifiuenees  still  predominate, and  wlien 
further  purification  is  essential  for  tlte  well  being  of  the 
consumers?. 

Professor  Frankland,  an  eminent  English  authority  on 
the  quality  of  drinking  water,  has  clearly  defined  a  mini- 
mum limit,  when,  in  his  o]»inioD,  water  contains  sufficient 
mechanical  or  chemical  impurities,  in  suspension  or  solu- 
tion, to  entitle  it  to  be  considered  bad,  or  a  polluted 
liquid,  riz« : 

(a.)  Every  liquid  wliich  has  not  been  submitted  to  pre- 
cipitation produced  by  a  perfect  ix^pose  in  rest*iTf>irs  of  suf- 
ficient dimensions  during  a  period  of  at  least  six  hours ;  i>r 
which,  having  been  submitted  to  precipitation,  contains  in 
enspension  more  than  one  part  by  weight  of  dry  organic 
matter  in  10<),(X)0  parts  of  liquid  ;  or  which,  not  having  been 
mibmitted  to  prt>ci])itation,  contains  in  sus]x*nsion  more 
than  3  parts  by  weight  of  dry  mineral  matter,  or  1  part  by 
weight  of  dry  organic  matter,  in  lUO,mX)  ]»arts  of  li(inid, 

(6.)  Every  liquid  containing  in  solution  more  than  2 
parts  by  weight  of  organic  carbon  or  3  parts  of  organic 
nitrogen  in  1(W,0()0  parts  of  liquid. 

(c.)  Every  liquid  which,  when  placed  in  a  white  porc*(v 
lain  vessel  to  the  depth  of  one  inch,  exhibits  under  daylight 
a  distinct  color. 

(A)  Every  liquid  which  contains  in  solution,  in  everj' 
,00,000  parts  by  weight,  mon»  than  2  parts  of  any  metal, 
cept  cAlciura,  magnesiom,  potassium,  and  sodium. 

{e,}  Every  liciuid  wliich  in  every  ltM),(XK)  parts  by  weight 
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contains  in  solution,  suspension,  chemical  combination,  or 
otherwise,  more  than  0.5  of  metallic  arsenic. 

(/.)  Every  liquid  which,  after  the  addition  of  sulphuric 
acid,  contains  in  every  100,000  parts  by  weight  more  than 
1  part  of  free  chlorine. 

(g.)  Every  liquid  which,  in  every  100,000  parts  by 
weight,  contains  more  than  1  part  of  sulphur,  in  the  state 
of  sulphuretted  hydrogen  or  of  a  soluble  sulphuret. 

(A.)  Every  liquid  having  an  acidity  superior  to  that  pro- 
duced by  adding  2  parts  by  weight  of  hydrochloric  acid  to 
1,000  parts  of  distilled  water. 

(i.)  Every  liquid  having  an  alkalinity  greater  than  that 
produced  by  adding  1  part  by  weight  of  caustic  soda  to 
1,000  parts  of  distilled  water. 

(J.).  Every  liquid  exhibiting  on  its  surface  a  film  of 
petroleum  or  hydrocarbon,  or  containing  in  suspension  in 
100,000  parts,  more  than  0.5  of  such  oils. 


CHAPTER    TX. 

WELL.    SPUIKG.    LAKE,    AND    BIVEH    SUPPLIES. 

it  ri'maiBs  now  to  add  to  these  general  theories  respect* 
|ing  tlie  purity  of  water  some  special  suggestions  relating  to 
he  selection  of  a  potable  water* 


WELL    WATER. 

124.  Location  for  WellK.— We  have  seen  that  the 

source  of  water  supply  to  wells  is,  imrardiately,  the  miu, 

I  aud  that  in  tlie  vicluity  of  den&e  populations  the  min  reaches 

rfhe  surface  of  the  eartli,  already  polluted  by  tlie  impurities 

of  tho  tawu  atmosphei^*. 

In  the  Of)en  countrj^  the  w^ater  reaches  the  ground  in  a 
r>lembly  pure  condition,  and  by  judicious  selet^tion  of  a 
iU^  for  a  well,  its  water  may  usually  be  procun^d  of  excel- 
?nt  quality.  Country  wells  must,  however,  l>e  entirely 
j*i*panited  from  the  drainage  of  the  stable  yards,  muck 
lieaps,  and  house  Bewerag€%  and  Itom  soakage  through 
highly  fertilized  gardens. 

In  towns,  surface  soils  are  continually  recipients  of 
bou^^hold  refuse,  niaimres,  and  sewer  liquors,  and  of  dead 
decajnng  animal  matters, 
Tliese  have,  by  abundant  examples,  been  proved  to  be 
the  ninst  dangerous  of  the  ordinary  contaminations  of  shal- 
low wells, 

Tlie  etrictly  mineral  impurities,  to  which  all  wells  are 
to  some  extent  subject,  are  not  usually  injurious  to  human 
itutions,  though  in  districts  where  lime  is  present  in 
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the  soil  in  cousidemhl*?  quantity,  the  resulting  hardnc 
inconvenicut  and  indirectly  expensive^ 

An  int4flligent  examination  of  the  positions,  dip,  andj 
porosity  of  the  earth's  supei-stnita  in  the  vicinity  of  a  pro- 
posed well  will  be  a  more  iiLfallible  guide  to  its  location 
where  it  will  yield  an  unfailing,  abundant,  and  wholesome' 
supply,  than  will  reliance  upon  *' hazel  forks''  and  '^divin- 
iBg  rods,"  in  which  the  superstitious  have  evinced  faith  and 
by  wliich  they  have  often  been  deceived. 

ViS.  Fouling  of  Old  Wells-^Tlie  table  of  analys 
of  well-waters  above  presented  (page  121,  et  seq.)  indicates 
that  the  old  wells  of  towns  are  among  tlie  most  impi 
sources  of  domestic  water  supply. 

Tile  continued  increase  in  the  hardness  of  well-water  as] 
the  population  abtmt  them  becomes  more  dense,  indicates  ^ 
that  tliis  increase  is  due  to  the  salts  of  the  dissolved  organic 
refuse  with  which  the  ground  in  time  becomes  satumted. 

Mr.  F.  Sutton,  an  English  analyst  states,  that  ^'out  of  I 
four  hundred  and  twentj'-nine  samples  of  water  sent  himj 
from  wells  in  country  towns,  he  was  obliged  to  reject  tliree 
huntlred  and  seven  as  unlit  for  drinking.'-     Another  Eng- 
lish chemist  states  that  **  much  of  the  well-water  he  is  called  I 
upon  to  examine  proves  to  be  more  fit  for  fertilizing  pur- 
poses than  for  human  consumption, " 

Prof.  Chandler,  Prc^sidi^nt  of  the  New  York  City  Board ' 
of  Health,  and  Professor  of  Chemistry  in  the  School  of 
Mines,  Columbia  College,  remarked ;  *'  In  many  cases,  from 
the  proximity  of  cesspools  and  privy  vaults,  the  well-water 
l>ecomes  contaminatixl  with  filtered  sewage,  matters  which,  ^ 
wbile  they  hardly  affect  the  taste  or  smell  uf  the  water, 
have  nevertheless  the  power  to  create  tlie  most  deadly  dis-^ 
turbances  in  the  persons  who  use  the  waters." 

Hall's  '* Journal  of  Health"   remarked  that,  "in  the! 
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mutumn  many  wells,  which  supply  families  with  drinliing 
and  cooking  water^  get  very  low  and  their  bottoms  are  cov- 
ered witli  a  line  mud,  largely  tlie  result  of  organic  decom- 
positiunSf  also  coutaining  poisonous  matters  of  a  very  con- 
centrated cUaracter,  The  very  emanations  li*om  this  well 
mud  are  capable  of  causing  malignant  fc*vers  in  a  few  lionrs ; 
hence  many  families  dej>endeut  on  well-waters  are  made 
iick  during  the  fall  of  tlie  year  by  drinking  tliese  im])ivg- 
nated  poisons,  and  introducing  them  directly  into  the  circu- 
lation.  Many  obscure  ailments  and  *dumb  agues'  are 
eamsed  in  this  way.-' 


SPRING     WATERS. 

I2ft»  Harmless  Imprc^g^iiiitionB, — Tlie  impurities  of 
Spring  water  are  chiefly  mineral  in  character,  derived  from 
tlie  constituents  of  the  earths  through  which  their  watei-s 
percolate.  Among  tlie  most  soluble  of  the  earths  are  mag- 
nesium, calcium,  potassium,  and  sodium,  and  these  appear 
in  spring  waters  as  carbonates,  bicarbonates,  chlorides, 
iulphateSy  sUicates,  phosphates,  and  nitrates,  and  an?  usu- 
ally accompanied  by  an  oxide  of  iron  and  a  minut43  quan- 
tity of  silica. 

The  above  earths  are  harmless,  and  are,  in  fact,  consid- 
ered beneficial  in  drinking  wat4?rs,  when  present  in  moderate 
qaantities,  or  not  exceeding  eight  or  ten  grains  per  gallon. 
Most  persons  are  familiar  with  the  medicinal  properties  of 
the  ciirbotiate  of  uiagnesia,  a  mild  catliartic,  and  of  its  sul* 
pbate  (Ejjsom  salts),  a  mild  purgative,  and  with  the  carbon- 
ate and  nitrate  of  potassa  (pearlash  and  t«altpeti*e)  in  the 
artA,  and  with  the  medicinal  properties  of  the  bromide  of 
potasmura,  a  mild  diuretic. 

Sodium  is  more  familiarly  known  as  common  sea-salt, 
and  calcium  as  common  lime,  of  which  it  is  the  base,  and 


'  common 
an%  by  ttu*ir  jmssage  tlimugh  tlie  earth,  thorougbh 
and  relieved  of  suspendKl  impurities,  and  therefore  appe; 
as  the  most  clear  and  6x>arkliiig  of  all  natural  wat^^rs. 

In  the  selection  of  a  spring  water,  it  is  to  be  specially 
obserred  that  it  ia  free  from  impregnation  by  dec^jinj 
organic  matters. 

127.  Mineral  Springs.— In  illustration  of  the  fad 
that  clearness  to  the  eye  is  not  evidence  of  purity,  or  mi 
eral  impregnation  of  the  most  usual  character  immediatel 
dangerous  to  the  constitution,  %ve  append  a  few  analyses  oj 
well-known  mineral  spring  watf»rs,  with  quantities  of  Ingi 
dients  expressed  in  grains  jyvr  U.  S.  gallon.     (See  page  143 

This  fonnidable  array  of   chemical  ingredients    indi 
cates  that  the  waters  have  taken  into  solntion  the  familiar 
minerals,  magnesia,  common  salt,  lime,  iron,  potash,  sul 
pluir,  quailz,  and  clay,  and  the  gases,  oxygen,  hydrogen, 
nitrogen,  and  carbonic  acid. 

It  is  much  to  be  regretted  that  supplies  from  good  sp] 
are  usually  so  limited  in  quantitv'. 

The  water  supply  of  Dubuquej  Iowa,  is  obtained  froia 
an  adit  jaereed  into  the  bluff  near  the  city.  The  operation! 
of  miners  working  in  the  bluff  were  seriously  imjx^ded  b; 
water,  and  they  relieved  themselves  by  tunneling  in  fro 
tlie  face  of  the  bhiff,  and  tlms  underdraining  the  mine-  I 
so  doing,  they  intercepted  numerous  percolating  streams  ol 
water.  This  water  is  now  utilized  lor  the  supply  of  th* 
city. 


ringa^ 
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128,  Favorite  Supplies.— Fresh  water  lakes  and  deef 
ponds,  whose  watersheds  have  extents  equal  to  at  least  tei 
times  their  water  surfaces,  are  ordinarily,  of  all  ample 
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sources,  least  liable  to  objectionable  irnpregDation  in  Lann 
fill  quantity.     When  sncli  waters  have  been  imprisont*d  ia 
their  flow,  by  the  uplifting  of  the  rock  foundations  of  thel 
Wlls  across  some  resulting  valley,  or  by  more  recent  crowd- 
ing by  ice-fields  of  masses  of  rock  and  earth  debris  into  a^ 
moraine  dam,  they  ai-e  bright  and  lovely  features  in  tlieir™ 
^^  landscapes,  and  lavorite  sources  of  water-supplies, 
^P       The  accomplishments  of  scientific  attainments  are  nol 
'       requisite  to  enable  the  intelligent  populations  to  discover 
in  tliese  waters  wliolesomeness  for  human  draughts  and 
adaptability  to  quench  thii^sts. 

AVhen  such  waters  are  deep,  and  have  a  broad  expanse 
and  bold  shores,  nature  is  ever  at  work  with  rain  and  wind 
and  sunshiiip,  maintaining  their  natural  pimty  and  sparkle, 

129.  Cliief  Requisites,— The  prime  requisites  in  lakes^  m 
%vhen  to  be  used  for  domestic  supplies,  are  abundant  in-^ 
Jlow  and  ovtflow^  that  will  induce  a  general  circulation; 
abundnni  depths  that  will  maintain  the  water  cool  through 
the  heats  of  summer  and  hinder  oi^nic  growth ;  and  a 
hroad  sttrface,  which  the  whid  can  press  upon,  and  roll, 

rand  tlius  stir  the  w^ater  to  its  grt*atest  depths. 
These  are  features  opposed  to  quietude,  shallowness^ 
and  warmth,  which  we  have  seen  (§  114)  to  be  promoters  of 
excesses  of  vegetal  and  animal  life,  accompanit*d  by  a  very 
objectionable  mass  of  vegetable  decay  and  animal  decom- 
position. Fortunately,  the  shallow  waters  are  oftenest  at 
the  upper  ends,  opposite  to  the  usual  points  of  draught  from 
the  lake,  or  in  indented  bays  along  the  sides,  from  whence 
their  vegetal  products  are  least  liable  to  reach  the  outflow 
conduit. 

ISO,  Iiniiouiidiiig*— When  supplying  lakes  have  mod- 
erato  drainage  areas  in  proportion  to  the  total  volume  of 
water  required  from  them,  it  is  then  necessary  to  place  the 
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miaglit   conduit  below  their  natural  surface  or  to  raise 

tlieir  natural  surface  by  a  dam  at  tlieir  outlet,  to  avail  of 
tlieir  stonige,  thus  in  a  degre*?  changing  tlieir  condition  of 
nature  into  the  artificial  condition  of  impounding  reset- 
mirs. 

The  theory  of  volume  of  supply  from  given  drainage 
an»as  (§  53),  and  the  theory  of  making  available  a  large 
l)m{>ortion  of  the  rainfall  by  impounding  (§  75),  liave 
already  been  discussed  in  their  appropriate  sections. 

Important  results,  affecting  the  purity  of  tlie  water,  may 
fnHow  from  the  disturbance  of  the  long-nuiintained  condi- 
tions of  the  shores,  analogous  to  those  of  tlie  construetion 
of  artiticial  impounding  reservoirs  in  valleys,  by  embank- 
ments across  the  outflow  streams. 

The  waves,  of  natnml  broad  lakes  that  have  but  little 
rise  and  fall,  have  long  since  removed  tlie  soil  from  large 
portions  of  their  shores,  leaving  thi^tn  pavt^  with  boulders 
and  pebbles,  which  the  ice,  if  in  northem  latitudes,  has 
crowd<*d  into  close  ripraps,  and  the  removed  soil  has  been 
defK>sited  in  tlie  quiet  shallow  bays. 

Upon  tlie  paved  sliores  tlie  lack  of  vegetable  mold  and 
the  dasli  of  the  waters  are  obstacles  to  the  growth  of  v(  ge- 
lation, 

131,  Plant  firo^^i^h.— If,  under  the  new  conditions,  the 
watt*rs  are  drawn  down  in  tlie  summer,  tlie  wave  iwwer  re- 
dnci*d,  the  shallow  bottoms  of  the  bays  uncovered,  and  an 
entire  shore  circuit  of  vegetable  deposit  exposed  to  the  hot 
aun,  a  mass  of  luxuriant  vegetation  at  once  sprini^  into  ex- 
iijtence  upon  this  uncovered  bottom,  and  the  gn^ater  its  tlirift 
he  more  rapid  its  decay,  and  the  more  objfH*tional>le  its 
>us  emanations  that  will  enter  into  solution  in  the  water. 

Such  growths  and  transformations  may  continue  to  n?- 
peat  themsidves  through  B<^veral  successive  years,  and  to 
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sonie  extent  continuously.  Under  the  former  conditions  of 
deeper  water  the  plant  life  was  of  less  abnndanct*,  of  less 
thrifty  growth,  and  of  less  rapid  decay,  and  the  natural 
processes  of  purification  were  adequate  to  maintain  the 
natural  ]>urity  of  the  waten 

Stiiuulat(^d  vegetable  growths  result  in  quick  decay  and 
the  production  of  vegetable  muck,  the  foulest  solid  product 
of  vegetable  decompositions  in  water.  Slow  decompositions 
of  vegetable  matter  in  water  rarely  affect  the  water  to  a 
noxious  degree,  and  result  in  the  production  of  a  peat  de- 
posit almost  entirely  free  from  deleterious  qualities  in  the 
water. 

The  presence  of  the  fishy  or  cucumber  odor  is  eridence 
that  the  water,  or  a  considemble  portion  of  it,  has  been  too 
warm  for  stored  potable  water ;  and  that  there  is  too  much 
'  of  shallow  margin,  or  that  the  storage  lake  has  I'eceived  too 
much  of  meadow  dminage.  It  is  not,  as  many  have  sup- 
posed, an  evidence  of  dead  fish  in  the  reservoir,  but  an  effect 
tending  to  drive  the  higher  oiiiers  of  tlie  fish  more  closely 
about  the  springs  or  inflowing  str<:>ams. 

13*i.  Strata.  Contlitioiis-— Tlie  winds  assist  the  ready 
escape  of  the  odorous  gases  when  they  have  risen  near  to 
the  surface,  and  the  stiutum  of  water  of  greatest  purity,  in 
summer,  is  usually  a  little  below  the  snrlace,  and  would  be 
at  the  surface  were  it  not  for  the  microscopic  organisms  that 
exist  then%  and  the  floating  matters. 

Tlie  change  of  density  of  water  with  change  of  tempera- 
ture  produces  a  remarkable  effect  in  autumn.  Water  is  at 
its  greatest  density  at  the  temj^eratui-e  just  above  freezing 
(39°2  Fah/),  and  wht-n  the  frosts  of  autumn  chill  the  surface  ^J 
water  it  is  th»*n  heavier  than  the  water  below,  and  sinks,  dis-  ^M 
placing  the  bottom  water ;  and  the  vertical  circulation,  stir- 
ring up  the  whole  body,  continues  until  the  surface  is  sealed 
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liy  ic^,  ^hen  quiet  again  reigns  at  the  bottom.  Tins  action 
*5tin^  up  the  bottom  imporitiivs,  and  otten  makes  them  par- 
ticularly offenaiire  in  antunm,  even  more  than  in  mid- 
sum  mi^n 

Iji  the  case  of  new  flowage  of  artificial  reservoirs  over  a 
meadow  bottom,  the  live  vegetable  growth  has  all  to  go 
through  a  certain  chemiral  tj-ansfonnation,  the  influence  of 
which  upon  th<*  water  is  often  det^ectable,  for  a  time,  by  the 
Bsnse  of  smell.  Tliis  action  in  the  w^ater  may  be  consider- 
ably reduced  by  first  burning  tlioronglily  tlie  whole  surface, 
and  destmying  tlie  organic  life  and  properties,  leaving  only 
the  mineral  ash. 

The  bn-aking  up  of  the  vegetable  fibres,  if  nndostroyed 
by  fire,  and  their  deposition  in  the  quiet,  shallow  bays, 
encourages  the  growth  of  aquatic  plants,  and,  indin^ctly, 
animal  life  there. 

Tile  protection  of  the  shon*s  by  high  water  in  wint^^r,  and 
their  exposure  by  drawing  down  the  water  in  summer,  is 
fororable  to  aquatic  groMhs  upon  them,  as  in  the  abcive- 
mention*^  lake  examples. 

iXi,  Plant  anil  Insect  Ai^eiicien.— In  cases  of  ex- 
ecBsive  growths  of  either  or  both  vegetal  and  animal  life, 
their  products  are  liable  to  be  drnwn  into  the  outflow  con- 
duit and  the  distribution  pipes,  where  their  pn^sence  becomes 
disaj^eably  evident  by  the  gaseous  '*  fishy"  or  *^eucum- 
lier"    odors    lilierated    when    the    water   is    dinwn    Imm 

When  conditions  are  favorable  for  the  production  of 
either  vegetal  or  animal  life  alone,  in  excessive  abundance^ 
diaagnM'able  effects*  espi^cially  if  the  excess  be  animal,  are 
ataaost  certain  to  follow,  since  both  are  among  tlie  active 
its  employeil  by  nature  in  the  purification  of  water,  and 
iiral   laws  tend  to  presence  tlie  due  balance  in  their 
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growtlx,  the  one  being  producers  of  oxygen  and  the  other 
of  carbon. 

Newly  flowed  collecting  or  storage  reseiroirs  should  be 
promptly  stocked  with  a  fine  grade  of  fish,  that  will  ft 
upon  and  prevent  the  overabundance  of  the   Crustacea,^ 
which  in  turn  mil  consume  the  organic  decomxKisitions,  and 
prevent  their  difiiision  through  the  waters, 

134.  Presenatioii  of  Piirity,— General  observation 
teaches  that  neither  vegetation  or  any  species  of  the  infu- 
soria flourish  to  an  objectionable  extent  in  fresh  wat**rs  in 
the  tempi^rate  zone  where  tlie  depth  exceeds  about  ten  fe«*t, 
though  it  is  true  that  injects  are  liable  to  swami  njMin  the^^ 
surface  of  all  waters  that  arrive  at  a  high  teniperature^l^| 
Stored  waters,  for  domestic  purposes,  ought  to  have  in  our     ^ 
American  climate,  deptlis  of  not  less  than  twelve  feet. 

To  insure  purity  of  water,  so  far  as  protection  from  its 
own  products  is  concemt^d,  it  is  necessary  that  the  shallow 
waters  be  cut  off  by  embankments,  or  that  they  be  d( 
ened,  or  that  their  place  be  supplied  by  clean  sand  o] 
gravel  tilling,  raised  to  a  level  above  liigh  water.     It  is 
qiiently  advisable,  also,  that  the  shores  of  artificial  impound 
ing  resi^Tvoirs  of  modemte  extent  be  pmvided  with    ai 
equivalent  for  the  natural    rip-rap    provided    by  nati 
around  natuml  lakes. 

Each  of  the  above  ex|>edients  has  been  successful! 
adopted  by  the  writer  in  his  own  practice. 

Fig,  7  is  an  illustration  of  the  revetment  of  stone  sur* 
rounding  the  resen^oir  of  the  Norwich,  Conn.,  water- works. 
Tlie  I'eservoir  in  tins  ease  is  two  and  one-half  miles  on 
from  the  city,  and  fillt^  the  ofltce  of  both  a  gatherinir  and 
distributing  ri^sen  oir,  for  a  gravitation  supply.  Its  circum- 
ference is  two  and  one-quarter  miles,  and  this  revetment 
protects  the  shore  of  the  entire  circuit     Its  height  above 
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high  water,  in  the  vicinity  of  the  dam,  is  four  feet,  and  in 
tlie  upper  part  of  the  valley  three  fr^et. 

If  tlie  supplying  streams  of  a  small  lake  bring  with  thoni 
maoh  Tegetable  matter  in  snsf>ension*  and  the  flow  readies 
the  condnit  before  complete  clarification  by  natural  pro- 
eeaaes  is  etTected,  some  method  of  artificial  filtration  of  the 
water  will  be  necessary,  the  details  of  which  will  be  dis- 
cussed hereafter. 

135,  Natuinil  Clariflcatioii.— The  various  sources  of 
eliemical  impri*gnatiun  to  which  waters  reaching  lakes,  usu- 
ally an*  subject,  wliether  flowing  over  or  tlirougli  the  earths 
have  be*m  alr«3ady  hemn  discussed  (§  101,  ei  ^eq.\  so  that 
persons  of  ordinary  Intelligence  and  information  may  detect 
UmoU)  and  ff>rm  a  tolembly  accurate  estimate  of  their  harm- 
fbliiess,  and  if  they  ought  to  be  considered  objeetioiuible 
when  they  are  to  be  gathered  in  a  lake  and  there  subjected 
to  the  processes  in  Nature's  favorite  laboratory  of  pnriti- 
itioit 

Wati^rs  flowing  in  the  brooks  fn^m  the  wooded  hills  and 

^llie  .*?wamps  almost  always  come  dowii  to  the  lakes  highly 

with  the  coloring  matter  and  substances  of  forest 

and  grasses,  and  not  unfrequently  have  a  very  per* 
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ceptible  reddish  or  cbocolate  hue.    The  wat*^rs  are  soon 
relieved  of  these  vegetable  impurities  bj^  natural  pitK^esses 
in  the  lake,  and  their  natural  tmnspareiicy  and  sparkle  m 
restored  to  them.    Sunlight  lias  been  credited  with  a  stro 
influence  in  tlie  removal  of  color  fi*om  water.    The  chemic 
titinsfomiation  already  begun  upon  the  hills  is  continued  i 
the  lake,  and  the  atmospheric  oxygen  aids  in  releasing  the 
gases  of  the  minutely  subdivided  vegetable  products  pro-     , 
ducing  the  color,  when  the  mineral  residues  have  sufficien^H 
specific  gravity  to  take  them  speedily  to  the  bottom.     Tlie^* 
winds  are  the  good   pbysleians  that  bring  the  restoring 
remedies. 

Ponds  and  lakes  often  receive  a  considerable  part  of 
their  supply  fit)m  springs  along  their  borders,  whose  waters 
have  received  the  most  perfect  natural  clarification.     Sucl 
springs,  from  qnartzose  earths,  yield  watex*s  of  tlie   m 
desirable  qualities. 

136*  Gi*eat  Lakes,— When  lakes,  on  a  scale  of 
inland  seas,  like  those  lining  our  northern  boundary,  upon 
which  great  mails  of  trade  are  developing,  are  at  hant 
many    of   the    above    supposed   conditions    belonging 
smaller  lakes  and  ponds,  arc*  entirely  modified. 

In  such  cases  the  cities  become  themselves  the  woi 
polluters  of  the  pure  waters  lying  at  tlieir  borders,  an< 
they  are  obliged  to  push   tlieir  draught  tunnels  or  pi 
beneath  the  waters  far  out  under  the  lakes  to  w^here  tin 
water  is  undefiled. 

This  system  was  inaugurated  on  a  great  scale  by  Mr. 
E.  S.  Cheesboro,  C.E.,  for  Chicago,  and   followed  by  the 
cities  of  Cleveland,  Buffalo^  and  with  submerged  pipe  b; 
Milwaukee. 

till.  Dcsid  Lakes.— Tlie  waters  of  the  Sinks,  or  Dea 
Lakes  of  the  Utah,  Nevada,  and  southern  California,  Greal 
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Desert,  fix>m  which  there  are  no  visible  outlets,  are  notable 
t'X4  rptions  to  general  couilitions  of  lake  waters.  Here  the 
salt-i?  gathered  by  the  intlowhig  watei^s,  for  centuries,  which 
evaiKiratiiig  vapors  can  not  carry  away,  have  been  accu- 
mulating, till  thp  waters  are  nauseating  and  repugnant 

The  skill  of  the  well-borer  must  aid  civilization  when 
these  desert  regions  are  to  become  generally  Inhabitable, 


RIVER   WATERS- 

138.  3Ietriiporitaii  SiipplieH. — Rivers  are  of  necessity 
the  final  R-sort  of  a  majority  of  the  principal  cities  of  the 
world  for  their  public  water  supply.  The  volume  of  water 
daily  n^quired  in  a  great  metni|X)lis  often  exceeds  the  com- 
bmed  cnpacity  of  all  the  springs,  brooks,  and  jK>nds  witliin 
ncce^sibh^  limits,  and  sup]>lies  from  wells  become  impos- 
sible because  of  lack  of  capacity,  excessive  aggregate  cost, 
buid  the  sickening  character  of  their  waters, 

Sinrr?  rivers  occupy  the  lowest  threads  of  tlie  valleys  in 
which  ihey  flow,  tlit^r  surfaces  are  lower  than  the  founda- 
tions of  the  habitations  and  warehouses  along  tlieir  banks. 
\       Their  waters  have  therefore  usually  to  be  elevated  by 
power  for  delivery  in  the  buildings,  tlie  expense  of  condnct- 
Jug  their  waters  from  their  sufficiently  elevatf^d  sourc4»s  being 
iBTeuter  far  tlian  the  cajntalized  cost  of  the  artiJicial  lift 
nearer  at  Itand. 

I  Tlie  the<jries  by  which  the  minimum  flow  of  the  stream 
■|jS3),  and  the  maximum  demand  for  gup]>ly  (§  19),  are 
■BCtenninKl  and  compan»d  liave  been  already  herein  dis- 
HIia^CHl ;  so  we  now  assum*^  that  the  supplies  Imve,  after 
rpropor  investigation,  been  df*tennin<^l  ample,  and  also  that 
the  gpological  structure  (S  lOO)  of  the  drainage  area  is  found 
to  pfWBnt  no  impK*gnating  strata  precluding  the  use  of  its 
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waters  for  domestic  and  commercial  purposee^  or  in  the 
chemical  arts. 

139.  Ilariiiless  and  Beneficial  Inijireini^tioiis,— 

The  oatiiral  orgauic  imi>mitie8  of  rivei^s  art^  seldom  other 
thau  iissulviiig  vi^getable  fibi*es  washed  down  from  fon?sts 
and  swamps,  and  tliese  are  itirely  in  objectionable  amount; 
I  and  the  natuml  mineral  impurities  in  solution  am  usually 
magnesia,  common  salt,  lime,  and  iron,  and^  in  suspension, 
sand  and  clay.  The  lime,  sand,  and  clay  are  easily  detect- 
ible  if  in  olijectionable  amount,  and  tlie  remaining  natural 
mineral  impregnation  ai*e  quite  likely  to  be  beneficial 
rather  than  otherwise,  since  they  are  required  in  drinking 
water  to  a  limit<3d  ext<*nt  to  render  them  j>alatable,  and  for 
promntion  of  the  healthy  activitj^  of  the  digestive  organs, 
and  tlie  building  up  of  the  bones  and  muscles  of  our  lK)dies, 

140.  Pollntions, — We  reitemte  that  it  is  the  artificial 
impurities  that  are  the  bane  of  our  river  waters.  Manufac- 
tories, villages,  towns,  and  cities  spring  up  upon  the  river- 
banks,  and  their  refuse,  dead  animals,  and  sewage  are 
dnm])ed  into  the  running  streams,  making  them  foul  potions 
of  putrefaction  and  destruction,  when  they  should  flow  clear 
and  wholesome  according  to  the  natural  laws  of  their  c; 
tion  and  preservation. 

141*  Sanitary  BiseiiHsions.— The  prolific  discussion 
upon  the  sanitary  condition  of  the  water  of  the  river 
Thames,  England^  since  the  report  of  the  Royal  Comm 
sion  of  1850j  has  brought  out  a  variety  of  conflicting  opin 
ions  in  regard  to  the  efficiency  of  natural  causes  to  destro; 
sewage  impurities  in  water. 

About  one-half  the  population  of  London,  or  one-half 
million  persons,  received  their  domestic  water  supply  from 
the  Thames  in  1875.  The  dminage  area  above  the  pump- 
ing stations  is  about  3675  square  miles,  and  the  minimum 


1 
I 

I 

lear 
rea^ 


8ANITAHY    DISCUSSIONa 


163 


^ 


imiiier  Uuw  is  estimated  to  be  about  350,000,000  imperial 
gallons  daily,  and  of  this  tlow  about  15,000, uoo  gallons  is 
pumped  daily  by  the  water  eouipaaies.  Ujjon  the  Tliames 
watej^hed  above  the  pumping  stations  there  resides  a  popu- 
iatioa  of  about  1,000,000  pei-sons,  including  three  cities  of 
over  25,0<J0  pel-sous  each,  three  cities  of  from  70^30  to  10,000 
persons  each,  and  many  smaller  towns  and  Tilla.ii:(  s.  The 
whole  of  the  river  and  its  principal  tributaries  are  under 
the  strictest  sanitary  regulation  which  the  government  is 
able  to  enforce,  notwithstanding  which  a  great  mass  of 
sewage  is  poured  into  tite  streatn. 

Yet  it  is  claimed  by  eminent  authority  that  the  Thames 
water  a  sliort  distance  above  London  is  wliolesonie,  pala- 
tablt%  and  agfveable,  and  safe  for  domestic  use. 

A  remark  by  Dr.  H.  Lt*theby,  un?dical  officer  of  health 
for  the  city  of  London  until  his  decease  in  the  spring  of 
1878,  gives  a  comprehensive  summary  of  the  argmnent  in 
favor  of  the  Thames  water,  viz. :  *'  I  have  arrived  at  a  very 
decided  conclusion  that  sewage,  when  it  is  mixed  with 
twenty  times  itd  volume  of  running  water  and  has  flowed  a 
diHtance  of  ten  or  twelve  miles,  is  absolutely  destroy<*d : 
the  agents  of  destruction  being  infusorial  animals,  aquatic 
plants  and  fish,  and  chemical  oxydation/ ' 

Several  eminent  chemists  testify  that  analyses  detect  no 
trace  of  the  sewage  in  tlie  Tliaines  near  Ix*iidon.  Sir  Beiija- 
Tiiin  Broodie,  Professor  of  Chemistry  in  tlie  University  of 
Oxford,  n^marked  in  his  testimony  upon  the  Ixnidou  water 
supply:  "I  should  rely  upon  tlie  dilution  quite  as  much, 
and  more,  than  Ufion  the  destruction  of  tlie  injurious 
matter, 

Dr,  C.  F,  Chandler,  President  of  the  New  York  Board 
of  Health,  and  Professor  of  Chemistry  in  the  Scliool  ol 
MIdbb,  Columbia  College,  1ms  in  his  own  writings  quoted 
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many  eminent  authorities,*  with  apparent  indorsement  of  j 
their  conclusions,  supporting  the  theory  of  the  wholesome- ! 
ness  and  safety  of  the  Tlianjes  water  as  a  domestic  supply 
for  the  city  of  London. 

142,  IiiiulmiHsible   Polliitiiig:  Liquiils,— The  Par 
liamentaiy  Rivers  Pollution  Committee,  when  investigiiling 
the  eubject  of  the  discliarge  of  manufacturing  refuse  and 
sewago  into  tlie  English  rivers,  Mersey  and  Ribble,  and  Ito'l 
possibDity  of  the  deodorization  and  cleansing  of  the  n*fi 
by  methods  tlien  avaihiljle,  suggested  f  that  liquids  cou^ 
taining  impurities  equa]  in  or  in  excess  of  the  limiting  qmn- 
titj^  detbied  by  Prof.  Fraiikland  {cide  g  123,  p.  1^), 
deem*?d  polluting  and  inadmissible  into  any  stream. 

143.  Precautitniary  Views,  —  On    the    other  hand 
many  pliysiciuTi:^,  chr^mists,  and  engineers,  whose  scientil 
attainments  give  to  their  ojiinious  great  weight,  emphatically 
protest  against  the  adoption  or  use  of  a  source  of  domes 
water  supply  that  is  at  all  subject  to  contamination  by 
sewage  (u-  putrefying  organic  matters  of  any  kind* 

There  are   ceilain  laws  of  nature  that  have  for  the 
object  the  presentation  of  human  life  to  its  apix>inted 
turity,  wliich  we  term  instinct,  as,  for  instance,  invohinta 
grasping  at  a  support  to  save  fi'ora  a  threatened  fall ;  invc 
nntary  raising  the  ami  to  protect  the  eye  or  liead  from 
blow ;    iuvoluntaiy^  sudden  \\ithdmwal  of  the  body  fraE 
contact  with  a  hot  substance  that  would  burn.     There  is  aid 
an  instinctive  repugnance  to  receiving  any  excrt*mentitioi3 
or  putrefying  animal  substzmce,  or  anything  that  the  eye  ^ 
muse  of  smell  decides  to  1h?  noxious,  upon  the  tongue 
into  the  system.     It  is  not  safe  to  overlook  or  subdue  the 
natural  instincts  created  within  us  for  our  preservation, 

♦  Public  Hefilth  Papera  of  American  Pablic  Healtli  AB9i>ciaUon,  voL  i^ 

f  FLntt  Report.     H.  P.  C,  186S.  vol  i,  p.  180. 
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Following  are  a  few  opiiiioas  supporting  tlie  oautioimiy 
side  of  the  question  : 

''  Except*  in  rare  cases,  water  which  holds  in  solution  a 
perceptible  proportion  of  orgiiuic  matter  becomes  soon 
putrid,  and  acquires  qualities  wMcli  are  deleterious.  It  is 
erident  that  diarrhoea,  djsentery,  and  otlitr  acute  or  chrf)nic 
affections  have  been  induced  endemically  by  tlie  continued 
nse  of  water  holding  organic  matter  in  large  proportions, 
eitlier  in  solution  or  in  suspension.  It  is  admitted,  as  the 
fmult  of  universal  observation,  that  the  less  the  quantity  of 
orgauic  matter  held  by  the  water  we  drink,  the  more  whole- 
some it  is/' 

**Not  one  has  conclusively  shown  that  it  is  safe  to  trust 
to  dilution,  storage*,  agitation^  filtmtion,  or  periods  of  time, 
for  the  complete  removal  from  water  of  disease-producing 
.^nieutss  w|jatev*^r  these  nuiy  be.     Chemistry  and  micro- 
py  cannot  and  do  not  claim  to  prove  tlie  absence  of  these 
lements  in  any  specimen  of  drinking  w^ater," 

•'ItJ  is  a  well- received  fact,  that  decomposing  animal 
in  drinking  water  is  a  fertile  producer  of  intestinal 

Dr.  Wolf  {in  Der  Untei^grund  und  das  Frinkwasser  der 
Erfurt^  1873)  gives  a  large  number  of  cases,  whieh 
f'JifOTe  conclusively  that  "bad  water  produces  diarrhoea, 
can  propagate  dysenter3%  tyjihoid  fever,  and  eliolera, 
that  such  water  is  frequently  clear,  fresh,  and  very 
agreeable  to  the  taste." 

Dr.  Lyon  Playfair,  of  London.  n?mark8:  ''The  effect  of 


•  fidufmn  iwid  Boa*l(?t.    Animal  of  French  Wuters.  tB5l. 

t  Tr«timciiiy  of  I>r,  H,  A.  Smith  before  th«  RoTtl  CommifiiiioQ  of  Water 
iipfilj  of  Loodon. 
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organic  matter  in  the  water  depends  very  much  upon  the 
chai-acter  of  that  oi^anic  matter.  If  it  be  a  mere  vegetable 
matter,  sucli  as  comes  fi-om  a  peaty  district,  even  if  the 
water  originally  is  of  a  piile  sherry  color,  on  being  exposed 
to  the  air  in  n?servoirs,  or  in  canals  leading  from  one  reser- 
voir to  another,  the  vegetable  matter  gets  acted  upon  by  the 
wir  and  becomps  insolublp,  and  is  cliietly  deposit*:^,  and 
what  remains  has  no  influence  on  health.  But  where  the 
organic  matter  comes  from  drainage,  it  is  a  most  formid- 
able ingredient  in  water,  and  is  the  one  of  all  othei-s  that 
ought  to  be  looked  upon  with  appi-eliension  when  it  is  from 
the  refuse  of  animal  matter,  the  drainage  of  lai"ge  townsi 
the  drainage  of  any  animals,  and  especially  of  human 
beings." 

Tlie  Massachusetts  State  Board  of  Health,  in  their  fifth 
annual  report,  rt^raarking  upon  the  joint  use  of  watercourses 
for  sewers  and  as  sources  of  water  supply  for  domestic  use, 
remarks:  *'We  believe  that  all  such  joint  use  is  to  be 
deprecated Tlie  importance  of  tills  matter  is  under- 
rated tor  two  reasoMs:  tirst,  because  of  the  oft-i-ejM^ated 
assertion,  made  on  the  authority  of  Dr,  Letheby,  *tluit  if 
sewage- mattt^r  be  mixed  with  twenty  times  its  bulk  of  oidi* 
narj^  river  water,  and  flow  a  dozen  miles,  them  is  not  a 
particle  of  tlmt  sewage  to  be  discovered  by  chemical 
means  ;^  secondly,  because  of  the  feeling  that  to  be  in  any 
way  pi-e;judicial  to  health,  a  water  must  contain  enough 
animal  matter  to  be  recognized  readUy  by  chemical  tests — 
enough,  in  fart,  to  be  ex]>ress*xl  in  figures/' 

144«  Hpeciilativo  Coii<litioii  of  tlie  Pollution 
Qviestioii. — Sanitary  wTitings  have  abounded  with  dis- 
cussions of  this  subject  during  the  last  decade ;  stUl,  look- 
ing broc-iilly  over  the  field  of  discussion,  it  is  evident  that 
tlie  leading  medical    and  chemical  authorities  have  not 


upon  the  limit  for  any  case,  or  class  of  cases,  wlien 
water  becomes  uoxious  or  harmful. 

Some  of  the  consuuiei-s  of  the  watei's  of  the  Thames  in 
England  and  of  the  Mystic  and  Charles  rivers  in  Kew  Eng- 
land, have  evinced  a  ix^markable  faith  in  the  toughness  of 
human  constitutions. 

The  whole  subject  of  water  contamination  remains  as 
yet  rather  physiologically  speculative  than  chenncallj  ex- 
act    It  is  earnestly  to  be  desin^d  that  tlie  present  exijeri- 
mental   practice  upon  liunian   constitutions,  so  costly  in 
infiomtlle  life,  may  soon  yic*]d  a  sufficiency  of  conclusive 
statistics,  or  tliat  science  shall  soon  unveil  the  subtle  and 
mysterious  chemical  propei-ties  of  organic  matters,  at  least 
eo  far  as  they  are  now  concealed  behind  recombinations, 
tions,  and  test  s<:)lutions. 

145,  SiMnitaiKMHi.H  I*iiritii*atian. — ^The  river  courses 
rr^  the  natural  drainage  cliannels  of  the  lands,  and  it  can- 
cel but  be  exi>ected  that  a  considemble  bulk  of  refuse,  from 
fiopulous  districts,  will  find  its  way  to  tlie  sea  by  thes<^ 
<^liaunels,  however  strict  the  sanitary  regulations  for  the 
pn?8frvation  of  the  purity  of  the  streams.  Tlierefore  it  is  a 
'Sautter  of  liigh  scientific  interest,  and  in  most  cases  of  great 
hygienic  and  national  importance,  to  determine  what  pro- 
portion of  the  organic  refuse  is  destroyed  bt^yond  the  possi- 
bly of  harm  to  aninmls  that  drink  the  water,  by  sjion- 
'Wteous  decomposition,  and  what  proportion  remains  in 
wlntion  and  suspension. 

In  ordinary  culinary  and  chemical  processes  we  find 
that  temperature  lias  an  important  influence  upon  the  dis- 
^)lviiig  proi>erty  of  water.  Water  of  teniperature  below^ 
W)'  Pali,  dissolves  meats,  vegetables,  herbs,  sugar,  or  gum, 
dowly,  comparatively,  and  a  cold  atmosphere  does  not  pro- 
I    mate  decomix>sition  of  organic  matter.    We  therefore  infer 


that  a  temperature  of  bolli  afapoqiliere  nd  wwtetWBV^ 
or  nearly  as  liigh,  as  80^  Fah.  ai^  i^niiFd  to  jrortp 
rapid  0x3  dation  of  the  c»;gati]c  impuiilies  in  mtter.  ta 
wintiT  the  process  must  ptooeed  dowly,  aad  if  the  ttstta 
is  covered  by  iee^  be  almoet  guspeodf^  Afptstitm  flf  di» 
water  i&  a1)^lutely  essentia)  to  the  loi^^iuuBlBiiied  ptK 
cess  of  oxydatioQ,  in  order  that  the  ^oUer  mar  coi&txDse 
charged  \v1tb  the  neoessaxy  bulk  of  oxygen  in  aoliitkiQ; 
thei*efoT'e  wHrs  across  the  stream,  rongfaneas  €if  the  bed  aai 
biinkB  of  the  gtreiim,  and  rapidity-  of  How  are  esaential  ele- 
ments in  rapid  oxydation. 

Dr.  8hemdan  Muspratt  remarks,*  in  r^^pect  to  thisepoo^ 
taneons  puriflaition  of  river  waters  containing  oi^ganic  lait- 
tern :  '*As  a  genenil  nile,  the  carbon  unites  with  oxygen  U^ 
form  rarbonic  acn'd  ;  and  with  hydjogen  to  form  mai^ 
or  earhide  c»f  hydrogen  ;  hydrogen  and  0XTgt?n  unite  to 
IVii HI  water ;  nitn>gen  and  oxygen  with  hydrogen  to  form 
anunonia  ;  nnlplmr  with  hydrogen  to  form  sulphide  of  by- 
drogi'n  ;  phoMplioras  with  hydrogen  to  form  phosphide  of 
hydnigen. 

*'Thr»  hitter  two  are  exceedingly  oflensive  to  the  sense 
smi'll,  jiihI  nn\  moreover,  liighly  poic^juous.     Thus  in  tb 
Hpontau(*ona  docompoBition  of  the  organic  matter  contained- 
in  water,  tlnTe  are  ]irod(iced  carbonic  acid,  carbide  of  hy^ 
dn^gcn,  ammonia,  sulphide  of  hydrogen,  and  phosphide  c; 
hydrogen.     Those  am  the  recoffiiized  comi^ounds ;  but  when 
it  is  bomi*  in  nund  that  the  gaseous  emamxtians  of  decom*A 
posing  animal  matters  are  intinitely  more  offensire  to  the 
BvTirtP  of  Hmell  and  injurions  to  liealth  than  any  of  the  gases 
above  nunitioned,  or  of  any  efjmbination  of  them,  it  can 
only  be  concluded  that  the  effluvia  of  decaying  organi 
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tnatter  contains  otlier  constituents,  of  winch  the  true  char- 
acter has  not  yet  been  deterniined/ *  TMs  chemical  puri- 
fication is  asaisted  by  vegetal  absorption  and  auimalculine 
asumption. 

14G,  Artificial  Clarification.— While  water  subjected 
at  all  to  organic,  esi)ecially  drainage  or  animal  impuiities, 
should  be  aToided,  if  possible,  for  domestic  consumption, 
it  should,  on  the  otlier  liand,  when  necessarily  sul)niitted 
to,  be  clarified  before  use,  of  its  solids  in  snspension,  by 
precipitation,  deposition  in  storage  or  settling  basins,  or  by 
one  of  the  most  thorough  processes  of  filtration. 

Wr  A  Sugitr  Te>tt  of  tlie  Quality  of  Watcr.-The 
Pharmcu'euiical  Journal  quotes  Heisch's  simple  sugar  test 

Tor  water,  as  follows ; 

*'Good  water  should  be  free  from  color,  nnpleasant 

odor  and  taste,  and  should  quickly  afford  a  good  lather 

^witli  a  smaU  proportion  of  soap. 

*•  If  half  a  pint  of  the  water  be  placed  in  a  clean,  color- 

less  glass-stoppered  bottle,  a  few  gmins  of  the  best  white 

lump-sugar  added,  and  the  Iwttle  trcely  exposed  to  the  day- 
light in  the  window  of  a  warm  room,  the  liquid  slioukl  not 
become  turbid,  even  after  exposun^  for  a  week  or  ten  days. 
If  tlie  water  becomes  turbid,  it  is  open  to  grave  suspicion 
of  sewage  contamination  ;  but  if  it  remain  clear,  it  is 
almost  certainly  safe- 
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148.  Siiec*ial  Cliaracteristic8  of  Water* — If  we  con- 
ler  tliose  qualities  of  water  that  Lave  refeiNpnce  to  its 
mgJil^  iX^jrresmre^  and  its  motion^  we  sball  observe,  espe- 
cially :  T^at  tJie  mhtme  of  tJie  liquid  is  composed  of  an 
'immense  aumher  of  minute  particles ;  that  each  particle 
Jias  tteiyJd  indimdually ;  that  each  particle  can  receive 
^nd  transmit  the  effect  qf  weiyhU  in  tJiefofm  of  pressure^ 
in  all  directioTis;  and  that  the  particles  mote  past  and 
upon  each  other  with  rery  sligJit  resistance. 

We  ai^  cnuviuced  by  the  sense  of  toin^h  tliat  tlie  parti- 
cles of  a  body  of  water  ai*e  minute,  and  liave  very  little 
cohefdon  amuug  tliemselves  or  friction  upon  each  other, 
when  w«j  put  our  liand  into  a  clear  pool  and  find  that  tlie 
jjartick**  sepamte  without  appreciable  repistance  ;  and  also 
by  the  Bcnse  of  sight,  when  we  eee  fishes  and  insects,  and, 
with  the  aid  of  the  microscope,  the  tiny  infiisorije,  moving 
rapidly  through  the  water,  without  apparent  effort  greater 
than  would  be  n^quired  to  move  in  air. 
11 


149.  Atomic  Theory,— Ancient  records  of  scientific 
research  inform  us  that  the  study  of  the  divisibility  and 
nature  of  tlie  particles  of  matter  occupied,  long  ago,  the  | 
most  vigorous  niiods.     It  is  twenty-two   centuries    since ' 
Demorritus  exiDlained  the  atomic  theory  to    his   felluw- 
citizens,  and  taught  tht?m  that  pai"ticles  of  matter  are  caj>a-  j 
ble  of  sutniinsion  again  and  again,  many  times  beyond  tlie  j 
limit  perceptible  to  human  senses,  but  that  finally  the  atom 
wUl  be  reached,  wkich  is  indivisible,  the  unit  of  matter. 
,  Anaxagoras,  the  teacher  of  Socrates,  maintained,  on  the 
fcontitiry,  that  matter  is  divisible  to  infinity,  and  tliat  all 
parts  of  an  inorganic  body,  to  infinite  subdivision,  are  simi- 
lar to  the  whole*    This  latter  theory  has  not  been  generally 
accepted.     The  whole  subject  of  the  natiu'e  of  matter,  in  its 
various  conditions,  fonns,  and  stages  of  progress,  has  main* 
tained  its  interest  through  the  succeeding  centuries,  and  is  i 
to-day  a  favorite  study  of  philosophers  and  theme  of  dis-  j 
cussion  in  lecture  halls. 

150*  3Iolceulur  Theor). — Modem  research  has  dem- 
onstratt^d  that  the  unit  of  water  is  composed  of  at  least  two 
different  substances,  and  therefore  is  not  an  atom.  The 
unit  is  termed  a  molecule,  and,  according  to  the  received 
Woctrine,  the  foundation  of  earh  molecule  of  water  is  two 
"molecules  of  liydrogpu  and  one  molecule  of  oxygen.  These 
latter  mulecuh^s  may  possibly  be  ultimate  atoms. 

The  theory  is  advanced  that  each  molecule  of  water  is 
surrounded  by  an  elastic  atmosphei-e,  and  by  a  few  that  it 
is  itself  slightly  elastic. 

Sir  William  Thompson  estimated  that  between  five  hun- 
dred millitms  and  five  thousand  millions  of  the  molecules 
of  water  may  be  plaeed  side  by  side  in  tlie  space  of  one 
lineal  inch.  To  enable  us  to  detect  the  outline  of  one  of 
these  molecules,  our  most  powerful  microscope  must  have 
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magnifying  power  multiplied  as  many  times  again,  or 

aared. 

A  film  of  water  flowing  tlirough  an  orifice  one-lmndredth 
of  an  inch  deep,  or  about  the  tMckness  of  this  leaf,  would 
be^  according  to  tlie  above  estimate,  from  five  to  fifty  mil- 
lion molecule  diameters  in  depth.  It  is  impossible  to  com- 
prehend so  infinitesimal  a  magnitude  as  the  diameter  of  one 
of  these  molecules,  so  we  shall  be  obliged  to  imagine  them 
so  many  times  magnified  as  to  resemble  a  mass  of  transpa- 
rent balls,  like  billiard  balls,  for  instance,  or  simOar  spheres, 
and  to  consider  tliem  while  so  magnified. 

151  •  Infltieiiee  of  CaliiHe. — Tliere  is  also  a  theory, 
very  generally  accepted,  that  the  molecules  of  water,  more 
especially  their  gasi^us  constituents,  are  constantly  subject 
to  tlie  influence  of  caloric,  the  cause  of  heat,  and  are  in 
consi*queiice  in  incessant  compound  motion,  both  vibratorj" 
and  progressive,  and  that  they  are  constantly  moving  past 
each  other,  progressing  with  wavy  motion,  or  are  rebound- 
ing against  each  other,  and  against  their  retaining  vessel. 

This  motion  may  be  partially  illustrated  by  tlie  motion 
of  a  great  numl>er  of  smooth,  transparent^  elastic  balls,  in  a 
a  vessel  when  the  vessel  is  being  shaken.  It  may  be  dem- 
onstrated by  placing  a  drop  of  any  brilliant  colored  liquid, 
for  whicli  water  has  an  affinity,  into  a  vessel  of  quiet  water, 
when  the  dj*op  will  be  gradually  diffused  throuf^liont  the 
whole  mass,  showing  not  oidy  tiiat  among  the  molecules  of 
colored  liquid  there  is  activity,  but  that  certain  of  the  mole- 
cules before  in  the  vessel  plunge  into  and  through  the  drop 
from  all  sides,  dividing  it  into  parts,  and  its  jjails  again 
into  other  parts,  until  the  particles  are  distributed  through- 
out the  mass, 

AVlifle  the  molecules  are  arranged  in  crystalline  form, 
they  require  considerably  more  space  than  when  in  liquid 
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fonij,  and  there  am  a  less  number  of  them  in  a  cubic  incU  ^ 
thei'efore  a  cubic  inch  of  ice  weighs  less  than  a  cubic  inc  t»_ 
of  water. 

152.  Relative  Densities  and  Vohimes.^The  rela^- 
tive  changes  in  weight  and  volume  of  water  at  differed 
temperatures  are  shown  graphically  in    Pig,   8.     Wliei 


Fig.  8, 


^^  weight  is  maintained  constant  and  the  temperature  of  th< 

I  water  is  increased  or  decreased,  the  volume  will  change 

I  indicated  by  the  solid  lines.     ^Vlien  tolume  is  maintain^ 

I  constant  and  the  temperature  increased  or  decre^ased,  th< 

I  weight  will  change  as  indicated  by  the  dotted  lines* 
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153,  Woiprlit  of  Const itueiits  of  Water,— Water  i 

substantially  the  result  of  the  union  (g  150)  of  two  volume 
of  hydrogen,  having  a  specific  gmvity  equal  to  0,0680,  and' 
one  volume  of  oxygen^  Laving  a  specific  gravity  equal  ti> 
1.102  ;  but  various  other  gases  that  come  in  contact  \iit 
this  combination  are  readily  absorbed. 

Bull£  for  bulk,  the  oxygen  is  sixteen  times  heavier  than 
the  liydrogcn.  Water  at  it^  gi*eatest  density  is  about  eigh^ 
hundred  and  fifteen  times  as  heavy  as  atmospheric  air. 

The  density  of  the  vapor  or  gases  enveloping  the  liquid 
molecules  is  greatest  at  a  temperature  of  about  39°.  2  Fah. 
At  this  temperature  the  greatest  number  of  moleenles  is 
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contained  in  one  cubic  incli^  and  the  greatest  weight  for  a 
igiven  volume  obtains. 

As  tiie  temperature  of  water  rises  from  39°.2,  its  gaseons 
lements  expand  and  are  supposed  to  increase  their  activity  ; 
and  a  less  number  of  molecules  can  be  contained  in  a  cubic 
inch,  or  other  given  volume ;  ttierefore  the  weight  of  water  de- 
crt?«ises  as  the  temjwrature  rises  from  39°. 2  Fah.  (mde  Fig,  8,) 
154,  Crjstiilliiie  ForiiiH  of  Water. — As  the  temper- 
ature falls  below  39°,2  Fah,,  the  molecules,  under  one  at- 
mosphere of  pressure,  incline  to  aiTange  themselves  in 
crystalline  fonn,  their  action  is  supposed  to  be  more  vibra- 
tory and  k*ss  progressive,  and  they  become  ice  at  a  temper- 
atm^  of  about  32^  Fah. 

The  relative  weights  and  volumes  of  distilled  water  at 
ilffereDt  temperatures  on  the  Fahrenheit  scale  ai-e  shovpu 
nu.inerically  in  the  tabh?  on  the  following  page, 

Altliough  thei'e  is  a  slight  difference  in  the  results?  of 
«*^r|)erimenta  of  the  best  investigatoi-s  in  thtnr  attempts  to 
«>l>lain  the  lemjierature  of  water  at  its  maximum  density,  it 
commonly  taken  at  39.2''  Fall.,  and  the  weight  of  a  cubic 
it  of  water  at  this  temperature  as  63,425  pounds,  and  the 
Weight  of  a  United  States  gallon  of  water  at  the  same  tt*m*_ 
pemture  as  8,379927  pounds. 

1$5,  Formnla  for  Volumes  at  Different  Temiier- 
BtiureH*— The  tables  of  weights  and  volumes  of  water  is 
^Stended,  with  intervals  of  ten  degrees,  to  the  extreme  limits 
witliin  which  hydi'aulic  engineers  have  usually  to  exj)eri- 
mimt  The  iatermediate  weights  and  volumes  for  inter- 
intYliate  temperatures,  may  Ije  readily  interpolated,  or 
f^  fei>*noe  n>ay  be  ha<l  to  the  following  formulas  taken  from 
Watt*s  *' Dictionary  of  Chemistry,-'  combining  the  law^  of 
Drpausiori  as  determined  by  experiments  of  Matthiessen, 
Sorby,  Kopp,  and  Rossetti. 


166 


WEIGHT.  PRESSURE,  AND  MOTION  OF  WATER 


TABLE     No.    88. 

Weight  and  Volume  of  Distilled  Water  at  DifferebT^ 
Temperatures. 


Ratio  of  volume  to 

Temperature 

Weight  of  a  cu. 
ft.  in  pounds. 

Difference. 

volume  of  equal  wt. 
i  at  max.  density  of 
1       temperature, 
j          ».»**  Fah. 

Difmnc^" 

Ice. 

57.200 

.916300 

.... 

3^'  0 

62.417 

5-217 

I. 0001 29 

.083829 

39-2° 

62.425 

.008 

1        I. 000000 

.000129 

40^ 

62.423 

.002 

1.000004 

.000004 

50° 

62.409 

.014 

1        1.000253 

.000249 

60° 

62.367 

.042 

,        1.000929 

.000676 

70° 

62.302 

.065 

1        I.OOI981 

.001052 

80° 

62.218 

.084 

1        1.00332 

.001339 

9°: 

62.119 

.099 

,        I . 00492 

.00160 

100° 

62.000 

.119 

1.00686 

.00194 

110° 

61.867 

'^33 

1.00902 

.00216 

120° 

61.720 

.147 

I.OII43 

.00241 

130° 

61.556 

.164 

I.OI411 

.00268 

140° 

61.388 

.168 

I. 01690 

.00279 

'5°: 

61.204 

.184 

I. 01995 

.00305 

160° 

61.007 

.197 

1.02324 

.00329 

170° 

60.801 

.206 

1.02671 

•00347 

180° 

60.587 

.214 

;      1-03033 

00362 

0 
190 

60.366 

.221 

1.03411 

.00378 

200° 

60. 136 

.230 

'       1.03807 

.00396 

210° 

59  894 

.242 

1.04226 

.00419 

212° 

59-707 

.187 

I. 04312 

.00086 

Let  V=  ratio  of  a  given  volume  of  distilled  water,  at  the 
temperature,  T,  on  Fahrenlieit's  scale,  to  the  volume  of  an 
equal  weight,  at  tlie  temperature  of  maximum  density. 

W=  weight  of  a  cubic  foot  of  distilled  water,  in  i)ound8, 
at  any  temperature,  Fahrenheit. 

For  temperatures  82°  to  70°  Fah. 

V=  1.00012  -  0.000033914  x  (T  -  32)  -f  0.000023822  x 
(T  -  32)"  -  0.000000006403  (T  -  32)*. 
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^  For  temperatures  above  70  . 

V  =  0.99781  +  0,00000117  x  (T  -^  32}  +  0.000001069  x 
(T  -  32)'. 

^^^     62.425 

■  15«,  Weijirht  of  Pond  Water,  — Fresh  pond  and 
fedPOOk  waters  are  slightly  heavier  than  distilled  watei-j  and 
wlieii  not  loaded  with  sedimeat  have,  for  a  given  volume, 
an  increased  weight  equal  to  from  0.00005  to  0.0001  of  au 
equal  volume  of  distilled  water, 

157.  Compressibility  and  Elasticity  of  Water, — 
Tlie  corapi*ession  of  rain-water,  according  to  experimental 
results  of  Canton,  is  0.000046  and  of  sea-water  0,000040  of 
its  volume  under  the  pn^ssm'e  of  one  atmosphere. 

According  to  experiments  of  Regnanlt,  water  suffers  a 
diminution  of  volume  amounting  to  48  parts  in  one  million, 
when  submitted  to  the  pressure  of  one  atmospliere,  equal  to 
14:75  piiunds  per  square  inch,  and  to  96  parts  when  sub- 
mitted to  twee  that  pressure. 

Gra.**si  found  the  compressibility  of  water  to  be  i>0  ])ai"ts 
at  37'  Fah.,  and  44  i)arts  at  127^  Fah.  in  each  milliou 
part^,  with  one  attnosphei*e  pressure. 

A  column  of  water  100  feet  high  would,  according  to 
these  estimates,  be  compi*essed  neaily  one-sixteenth  of  an 
inch. 

The  degree  of  elasticity  of  tluids  was  discovered  by  Can- 
ton in  1762.  lie  proved  that  the  volume  of  liquids  dimin- 
ished slightly  in  bulk  under  i^ressure  and  projxirtionally 
to  the  pressun^,  and  recovered  thc^ir  original  volume  when 
the  pressure  ceasetb 

Tliis  has  betm  confirmed  by  experiments  of  Sturm, 
(Ersted^  Regnault,  and  others. 
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PRESSURE   OF   WATER. 

158.  Weiflrlits  of  Inclivichinl  Sloleciiles.— If  again 

we  consider  the  molecules  of  water  raaguiliixl,  as  before  ex- 
plained, we  can  conceive  that  each  molecide  has  its  iiidU 
vidual  weigld^  and  is  subject,  independ^nUy,  to  thef&rce 
of  gramty.  Consider  again  the  film  of  water  of  one-hun- 
dredth of  an  inch  in  depth,  flowing  through  the  orilice  of 
same  deptli,  and  imagine  the  oritice  to  be  magnified  also  in 
the  same  proportion  as  the  molecules  have  been  imagined 
to  be  magnified,  that  is,  to  five  million  molecule  diameters ; 
tlien  the  immense  leverage  that  gravity  hasj  proportionally, 
upon  each  molecule  to  set  it  in  motion  and  to  press  it  out 
of  the  orifice  can  be  conceived,  and  the  reason  why  there  is 
apparently  so  little  frictional  resistance  to  tlie  passage  of 
the  molecules  over  each  other  will  be  apparent. 

130,  Iiidivitlual  3Ioleeular  Actions, — The  magnified 
molecule  can  also  be  conceived  to  be  acting  independently 
upon  any  side  of  its  n^tainiug  vessel,  or  upon  any  other 
molecule,  witli  wliich  it  is  in  contact,  with  the  combined 
weight  or  pressure  of  all  the  molecules  acting  upon  it 

In  a  volume  of  fluid,  earh  moleeide  presses  in  miy 
direciioii  from  which  a  sitfftcient  resistance  is  opposed^ 
with  a  2/ressure  dne  to  the  eovil}ined  natural  pressures  of 
all  nioleeules  acting  upon  it  in  that  direction^  and  also 
with  the  pressure  trans^niitted  through  them  from  any 
ea^rior  force. 

In  treatises  on  liydrostatics,  propositions  relating  to 
pressures  of  fluids  are  commordy  stated  in  some  form  sim- 
ilar  to  the  following  :*  **  When  a  fluid  is  pressed  by  its  own 
weight,  or  by  any  other  force,  at  any  point  it  pi^sses 
equally  in  all  rlirectlons.-' 

^  Vid4  Uutton*»  MatbematiCB,  Hj^drostaUcs,  $dtO; 
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PreHsure  Pro|iortional  to  Deiitiu—The  pres- 
sor a  fluid  at  any  point  on  an  immersed  siafaee,  is  In 
propofUan  to  the  vertical  depth  of  that  point  below  the  stir- 
fiwx*  of  the  fluid  ;  but  not  in  proportion  to  variable  breadths 
of  the  fluid. 

In  vessels  of  shapes  similar  to  Fig»  9  and  Fig.  10^  con- 
taining equal  vertical  depths  of  water,  the  pressures  on 
t^ual  areas  of  the  horizontal  bottoms  are  equal ;  also  the 
pressures  on  equal  and  similar  ureas  of  their  vertical  sides, 
having  their  centres  of  gravity  at  equal  depths,  are  equal. 


Fio.  9. 


Ftg.  10. 


a 
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lt>l*  Individmil  Molecular  Reactions.— Any  parti- 
cle of  fluid  tJiat  receives  a  pressure  reacts  with  a  force  equal 
to  the  presmiTCy  if  its  motion  is  resisted  upon  the  opposite  side. 

Any  ]joint  of  a  fixed  surface  press<^  by  a  particle  of 
watiT  reacts  upon  the  particle  with  a  force  equal  to  tlie 
pj^ssure  of  the  particle. 

The  laige  body  of  water  in  the  section  A  of  the  tank, 
P^g,  9,  is  perfectly  counterbalanced  by  the  shuder  Vjdy 
in  the  section  a\  A  pressure*  equal  to  that  due  to  the 
weight  of  all  the  particles  above  the  horizontal  bottom  sur- 
face,/,  acts  ui>on  tliat  surface,  and  the  surface  reacts  with  an 
equal  pressure  and  sustains  all  those  pai-ticles.  The  effect 
Id  be  similar  if  the  surface,  or  a  portion  of  it,  was  in- 

led  or  curved  ;  therefore,  only  a  pressui-e  equal  to  the 
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vreiglit  of  those  particles  vertically  over  the  openijig  in  the 
partition,  J\  aetn  upon  the  coluinn  below  the  partition  f. 
The  right  and  left  horizontal  pressures  of  the  individual 
particles  of  A  are  transmitted  to  the  particles  on  the  right 
and  left,  which,  in  turn,  react  mth  equal  pressures,  and  sus- 
tain  them  from  motion  sidev\^ys.  The  particles  in  contac^t 
with  tlie  partitions  a  and  h  trajisrait  their  pn^ssures  hoiizon- 
tally  to  the  partition,  w  hich  in  turn  react  and  sustain  them^ 
and  all  the  particles  remain  in  equilibrium. 

J  62.  Etiuilibiiuiii  DentroyiMl  by  uii  Orifiee, — If  an 
orifice  is  made  at  the  bottom  of  the  side  i,  then  the  particles 
at  that  point  will  be  relieved  of  the  reaction  of  the  point,  or 
of  its  sui>port,  equilibrium  will  \ye  destroyed,  and  motion 
will  ensue,  and  all  the  j>artieles  throughout  A  will  begin  to 
move  toward  the  oritice,  though  not  with  equal  velocities. 

1«:5.  Prt'HsiireH  from  Vei-tlcid,  Ineliiii'd  and  Bent 
Columns  of  Watc*iv — In  Fig  lU  the  i>artieles  in  the  body 
of  water,  J?,  are  pressed  with  a  pressure  due  to  the  weight 
of  any  one  vertical  column  of  particles  or  molecules  in  the 
body  of  water  above  the  opening  in  the  partition  g^  conse- 
quently the  reaction  horizontally  from  any  point  in  the 
I>artition  c\  or  downward  from  any  point  in  tlie  covering 
partition  <7,  or  upward  from  any  point  in  the  bottom  d^  is 
equal  to  the  weight  of  a  column  of  molecules  pressing  upon 
that  point,  of  height  equal  to  the  depth  of  tlie  given  point 
below  the  surface  of  the  water  ah\  Tlie  pressure  due  to 
this  vertical  column  of  molecules  would  still  remain  the 
same  if  the  column  dff  was  inclined  or  bent,  so  long  as  the 
water  surface  remained  in  the  level  a'  h\  as  is  evident  by 
inspection  of  the  column  ft. ' 

Since  the  downward  reaction  from  any  point  in  the  sur- 
face g  is  equal  to  the  pressure  of  a  column  of  molecules 
equal  in  height  to  /i  #7,  this  reaction  15  addtnl  to  the  action 
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Tity  on  all  the  molecules  beneath  the  given  point  in  g^ 
tberefoiv  the  pressure  on  any  point  in  r/,  beneatij  the  given 
point  in  g^  is  equal  to  the  pressure  of  a  column  of  molecules 
ofheight  a  fL 

KM.  Artifleial  Fr«?ssiire.^If  in  the  vessel  illustrated 
by  Fig.  10,  we  close  tin*  openings  V  and  b  at  the  level  of 
tiie  wati^r  surface,  and  tit  a  piston  carrying  a  wtjiglit  into 
tlie  opening  a\  then  we  will  increase  tlie  pressure  at  points 
cZ|  Q^  e\  b\  V\  etc.,  respectively,  an  amount  eqmil  to  the 
pressure  n*c^ived  by  a  point  in  contact  with  the  piston  at  a\ 
Tills  artiticial  pn^ssnre  is  equal  in  effect  to  a  column  of  fiuid 
placed  upon  a'  of  weight  equal  to  the  weight  of  the  loaded 
piston* 

165*  Pressure  iiimii  a  Unit  of  Surface* — Since  one 
ctihic  foot  of  water,  measuring  144  square  inches  on  its 
base'  and  12  inches  in  height  weiglis  62,425  pounds,  there 
tnnst  be  a  pressurt*  exerted  by  its  full  bottom  area  of  62.425 
pounds,  and  by  each  square  inch  of  its  bottom  area  of 
02,425  lbs. 
144  sq.  in. 


( 


=)"■ 


4334T2  pounds  for  each  foot  of  veitical 


^epth  of  the  water. 

In  ordinary  engineering  calculations  62.5  pounds  is 
^taken  as  the  weight  of  one  cubic  foot  of  water,  and  0,434 
;jKiunds  as  the  resulting  pressui'e  per  square  inch  for  each 
vertical  foot  of  dejjth  below  the  surface  of  the  wat^^r.  These 
^i*ight>^  U!«ed  in  the  computation  of  the  following  table,  give 
^OHely  aiiproxiumte  results,  slightly  in  excess  of  the*  true 
lights. 

In  nice  calculations,  as  for  instance,  relating  to  tests  of 
turbines  to  determine  their  useful  effect,  or  of  pumping 
cnprjf^  to  detennine  their  duty,  the  weights  due  to  the 
metkiun^  temperatures  of  the  water  are  to  be  taken. 
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TABLE     No.    89. 

Pressures  of  Water  at  Stated  Vertical  Depths  below  the 
Surface  of  the  Water,  at  Temp.  39.2*'  Fah. 


Depth. 


Feet. 
I 
2 
3 

4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 


Pressi'ke  per 
Sq.  Inch. 


PouneU. 

•4335 
.8670 
1.300 

1-734 
2.167 
2.601 

3-035 
3.468 
3.902 

4-335 
4.768 
5.202 

5-636 
6.069 

6-503 
6.936 

7-370 
7.803 

8.237 
8.670 
9.104 

9-537 
9.971 

10.40 

10.84 

11.27 

11.70 

12.14 

12.57 
13.00 

13-44 
13-87 

14.31 
14.74 

15-17 


Pressure  per 
Sq.  Foot. 


Pound*, 

62.425 
124.85 
187.27 
248.70 
312.12 

374.55 
436.97 
499-40 
561.82 
624.25 
686.67 
749.10 
811.52 

873.95 
936.37 
998.80 
1061.23 
1123.65 
1186.07 
1248.50 
1310.92 

1373-35 
1435-77 
1498.20 
1560.62 
1623.05 
1685.47 
1747.90 
1810.32 

1872.75 
1935-17 
1997.60 
2060.02 
2122.45 
2184.87 


1      riwvra 

Prissvsb  m 

PkESSLIS  PCX 

I'Br'i  n. 

Sq.  Inch. 

Sq.  Foot. 

F^. 

PtunJt. 

P^ndx. 

i(> 

15.60 

2247.30 

37 

16.04 

2309.72 

38 

16.47 

23;^.i5 

39 

16.91 

2434.57 

40 

17-34 

2497.00 

41 

17-77 

2559-42 

4* 

18.31 

2621.85 

1        ^3 

18.64 

2684.27 

'        44 

19.07 

2746.70 

1        45 

1951 

2809.12 

46 

19.94 

2871.55 

1        47 

20.37 

2933.97 

'        48 

20.8l 

2996.40 

49 

21.24 

3058.82 

SO 

a  1.67 

3121.25 

60 

26.01 

3745-5 

1       70 

30-35 

4370 

1       80 

34-68 

4994 

!i     90 

39.01 

5618 

;    100 

43-35 

6242.5 

no 

47.68 

6867 

I,       t20 

52.02 

7491 

130 

56-36 

8115 

i  140 

60.69 

8739 

,  '50 

65.03 

9364 

1  160 

69.36 

9988 

ii  '70 

73-70 

106 1 2 

!    180 

78.03 

"237 

1    190 

82.36 

11861 

:    200 

86.70 

12485 

,    210 

91.04 

13109 

1    220 

95-37 

13733 

1    230 

99.71 

14358 

240 

104.04 

14982 

1    250 

108.37 

15606 

166.  Equivalent  Forces. — ^In  many  computatioDs  in 
lementary  statics  we  are  accustomed  to  consider  the  force 
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tcting  from  a  loeight  as  equivalent  to  tlie  force  of  a  pressxire 
^nd  to  place  weights  to  represent  statical  forces. 

On  one  square  foot  of  the  bottom  of  a  vessel  containing 

one  foot  depth  of  water,  a  pressure  is  exerted  by  the  water 

that  wouJd  tend  to  prevent  any  other  force  from  lifting  up 

that  bottom.     We  might  I'emove  that  water  and  substitute 

tie  pressure  of  a  quantity  of  oil,  or  of  stone,  or  of  iron,  as 

«i  equivalent  for  the  pressure  of  the  water,  but  to  be  an 

^XSL^I  equivalent  its  weight  must  be  exactly  the  same  as  the 

[  Weight  of  the  water.     In  this  case  we  should  take  for  the 

^^^^S  pounds  pn-ssure  in  the  water,  62.5  pounds  weight  of 

pil^    or  of  stone,  or  of  iron, 

i67.  Weigrht  a  Measure  of  Pressure. — Weight  is, 
"M,  a  standard  whose  unit  is  one  pound,  by  which  pres- 
i  may  be  compai-ed  and  measured. 


-X 


— ^jt 


168*  A  Line  a  Measure  of  Weigiit,— In  graphical 

^tijties  we  are  also  accustomed  to  represent  weights  by  Unes 
^*hich  are  drawn  to  some  scale. 

If  two  forces  act  upon  tlie  centre  of  gmvity  of  a  body, 
^g,  11,  one  of  which,  a,  Is  equal  to  30  pounds,  and  the 
'filler  i,  to  40  pounds,  we  can,  after  adopting  some  scale, 
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ffiay  one  inch,  to  equal  one  pound,  ivpresent  the  force  a 
a  line  30  inches  longj  drawn  from  some  given  point,  g^  in  its 
direction  of  action,  ffa\  and  the  force  6  ty  a  line  40  inches 
long,  drawn  from  the  same  point,  in  its  direction,  ffb.  Now, 
if  \y*^  draw  lines  from  the  end  of  each  line  thus  produced 
pamllel  to  the  other  line  to  r,  comjjletijig  tlie  parallelogi^m, 
and  then  draw  the  diagonal,  ^/r,  then  the  resultant  of  the 
two  forces  will  pass  through  tJie  line  gr^  and  the  length  of 
gr  will  represent  tlie  combined  effect  of  the  two  forces  in 
this  din^ction.  Its  length  will  be  50  inches  =  V^gUf  4-  <, iV)*» 
and  the  combined  effect  of  the  two  forces  in  this  direction 
will  be  60  pounds. 

I  1(*9.  A  Line  a  Measure  of  Pressure  upon  a  Sur- 
faee.^ — Let  the  dimensions  of  the  top  surlac*e  of  the  body  A^ 
be  10  feet  long  and  3  feet  wide,  and  its  area  be*  30  square 
feet ;  let  the  side  dimensions,  B,  be  10  feet  long  and  4  feet 
high,  and  its  area  be  40  square  feet ;  let  the  pressure  ujion 
each  surlace  be  one  pound  per  square  foot,  and  the  diresc- 
tion  of  the  j>ressure  be  6ho\^Ti  by  the  arrows  a  and  &.  The 
body  being  solid,  the  forces  ai'e  to  be  considered  as  acting 
throngli  its  centre  of  gravitj%  We  can  now  plot  the  pres- 
sure upon  A  of  30  pounds  in  its  direction,  and  upon  B  of 
40  i>ound8  in  its  direction,  and  the  diagonal  of  the  parallel 
ogram  gr  will  give  the  direction  and  ratio  of  the  residtant, 
as  before.  The  forces  being  equal  to  tliose  b^e'fore  considered 
as  acting  upc:»n  a  pohit^  will  again  give  a  diagonal  50  inches 
long  and  indicatmg  an  effect  of  50  pounds. 

I  It  is  plain^  then,  that  we  can  take  the  line  ga\  or  the 
line  J'r,  which  is  equal  to  it,  to  represent  the  force  or  pres- 
sure a  acting  upon  the  point  g  or  upon  the  surfac-e  J.  /  and 
we  ca.n  take  the  line  gb\  or  the  line  aV,  to  represent  the 
force  or  pressure  h  acting  upon  the  point  g  or  the  surface  5, 
and  the  line  gr  to  represent  tlie  combined  effect  of  the  two 
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fom^s.     In  vaxions  calculations  it  is  convenient  to  be  able 
to  do  this. 

170,    Diiifjtnial    Force    of   Conibiued   Presniires 

Oraphtrally  Ueiirc^sented. — Again,  if  we  know  the  mag- 
nitude of  the  force  r  acting  thiTuigh  the  eentn^  of  tlie  body, 
and  we  desin?  to  know  the  magnitude  of  the  effects  upon 
the  sides  A  and  B^  in  directions  at  right  angles  to  them, 
that  prodnced  the  force  r,  we  draw  the  line  r  to  a  scale  in 
the  direction  the  force  atits,  and  from  both  of  its  ends  draw 
lines  to  tlie  same  scale  in  directions  at  right  angles  to  th( 
eldest  and  J?,  and  pix^portional to  theii- areas,  as^r/'  \mAgh\ 
and  rotnplete  the  paraUelograin  ;  then  will  gd  meaBured  to 
scale  indicate  the  effect  of  the  force  a  upon  J,  and  gV 
tneasiirod  to  scale  indicate  the  force  h  upon  B,  If  gr 
nieasnres  50  pounds,  then  will  go!  measm-e  30  pounds  and 
gb  measure  40  pfiunds, 

I'll,  Angular  RoHultaiit  of  a  Force  Grapliit^ally 
RopreseiitiHl. — ^If  a  force  represented  by  the  line  ag^ 
Fig*  12,  acts  upon  and  at  right 
angles  to  an  inclijied  surface  fe 
at  g^  then  its  horizontal  re.^nltant 
will  be  repn^sented  by  the  line 
hg^  and  the  end  h  will  be  peri)on- 
dieiUarly  bt»neath  a.  The  ratios 
of  the  lengths  of  the  lines  ag  and 
ah  and  hg  are  the  ratios  of  the 
i^ffiHits  of  the  force  in  their  three 
directions  respectively. 

If  a  perpendieular  line  bo  let  fall  from  /  ujion  the  hori- 
zontal line  td^  intersrctiiig  it  in  d,  then  the  ratio  v^i  fe  U>  fd 
will  be  equal  to  the  ratio  of  ag  to  hg ;  consequently,  the 
horizontal  pressure  or  effect  of  the  force  ag  ujion  fe  would 
be  to  its  direct  effect  as/d  is  to/e.    Therefore,  the  ratio  of 


Fig.  12. 


^~ 
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tbe  line  fcl  to  fe  equals  tlie  ratio  of  the  ItorizoiUal  efiect 
the  direct  force  upon/>. 

Tlie  ratio  of  the  vertical  downward  effect  of  the  force  a 
upon  fe  is  to  its  direct  effect  as  the  length  ab  to  tlie  lengtli 
affj  and  also  as  tlie  length  ed  to  the  length  ef.  Tlierefore, 
the  ratio  of  the  line  or  surface  ed  to  the  line/e  represents 
the  ratio  of  the  tertical  downward  effect  of  the  direct  foit!e 
upon/<?, 

172,  Ang^iilar  Effects  of  a  Force  Represented  by 
the  Sine  and  Cosine  of  the  Angle.— ^Uso,  ab  is  the 
sine,  and  hg  the  cosine  of  the  angle  agn^  and  we  have  seen 
that  their  ratios  are  to  radins  ag  as  ed  and  fd  are  to  ft; 
therefore  tlie  vertical  and  horizontal  effects  of  the  force  a 
upon  tlie  inclined  surface /e  are  to  its  direct  force  as  the  sine 
and  cosine  of  tiie  angle  efd  is  to  radius/e. 

17*1.  Total  Pressure. — To  find  the  total  pressnre 
qniet  water  on  any  given  surface:  MuUtply  togtther^  iU 
area^  in  square  feet;  the  tertical  depth  of  its  centre  of 
gramtyy  below  the  water  surface,  in  feet;  and  the  weigJd 

of  one  cnihicfoot  of  water 
tt  I  c       '"  pounds  (=  62.5  Ibs/K 

In  llie  tank,  Fig.  13, 
filled  \^ith  water,  let  the 
depth  «6  be  9  feet ;  then 
the  centre  of  gravity  <  f 
the  surface  ah  will  be  at 
a  depth  from  a  equal  to 

y  [_ ^ ''  one-lialf  ab  -  4J  feet.     If 

the  length  of  the  side  ab 
is  1  foot,  then  the  total  pressure  on  ab  will  equal 

9  ft.  X  ]  ft.  X  4J  ft,  X  02.5  lbs.  =^  2o3L26  lbs, 
174.  Direction  of  Maxininni  Effect, — The  direction 
of  the  maximwm  effexit  of  a  pressure  on  a  plane  surfece  is 
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always  at  right  angles  to  the  surface.  The  oiaximiim  hoii- 
Zitutal  effect  of  the  pressure  oa  tlie  unit  of  leogth  of  ab 
equals  the  product  of  a4,  into  the  depth  of  its  centre  of 
gravity,  into  the  unit  of  pressure.  The  horizontal  effect  of 
pressure  on  the  unit  of  length  of  cd  equals  the  product  of 
.its  vertical  iTrojectiou  cr,  into  the  depth  of  its  centrL*  of 
fgravity,  into  the  unit  of  pressure ;  and  the  vertical  effect  of 
pressure  on  cd  equals  the  product  of  its  horizontal  projec- 
tion rfe,  into  the  depth  of  its  centre  of  gravity,  into  the  unit 
of  pressure. 

175.  Horizdutal  and  Vertical  Effeetn,— Assuming 
the  lengtli  of  the  side  cd  to  be  radius  of  the  angle  dee,  then 
tlie  total  pressure  on  cd  is  to  its  horizontal  effect  as  mdius 
cd  is  to  the  cosine  ce  of  the  angle  dee,  or  as  the  surface  cd 
Is  to  its  vertical  projection  ce;  and  the  total  pressure  is  to 
its  vertical  effect  as  radius  cd  is  to  the  sine  de  of  the  same 
angle,  or  VLScdtade, 

The  totul  pressure  on  dg  is  to  its  hoTizonkd  effect  as  dg 
i»  iofg^  or  to  the  cosine  of  the  angle  drjf;  and  to  its  vertical 
^ect  as  dg  to  rf/;  or  to  the  sine  of  thi*  angle  dfif\ 

176.  CentiTg  of  Prensiiro  and  of  Gravity,— The 
centre  of  hgdrostiitic  pressure^  which  tends  to  overturn  or 
push  horizontally  the  surface  of  eiiual  width,  ab,  is  nut  in 
the  center  of  gravity  of  that  surface,  hut  in  a  point  at  two- 
Ihirfls  the  dejtth  from  a  at  p  =  6  feet* 

Tlie  center  of  gravity  of  the  surface  cd  is  at  one-half  tlie 
vertical  depth  ce,  at  h\  or  at  one-half  the  length  of  the  slope 
cd^  at  h.  The  points  h  and  h'  are  both  in  the  same  hori- 
zontal plane.  When  the  water  surface  is  at  ar,  the  criiter 
of  pressure  of  the  surface  cd  h  at  two-thirds  of  the  vertical 
depth  ee,  at  p\  or  at  two-thuds  the  slope  ed,  at  y>.  Tlie 
points  p'  and  />  are  in  the  same  horizontal  plane.  If  ce 
equals  six  feet,  then  the  center  of  gravity  of  cd  or  ce  will  be 
12 
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at  the  vertical  depth  of  three  feet  =  ch\  and  the  center  of 
pret^siire  at  the  vertical  depth  of/our  feet  =  cj^^ 

The  center  of  gravity  of  the  surface  dff  is  at  a  depth 
from  the  water  Burface  c,  equal  to  the  sum  of  ont?-half  the 

vertical  depth  fff  added  to  the  depth  ce  —  ce  -f*^,  and  tliel 


center  of  pressure  of  dg  is  at  a  vertical  depth  equal  toj 
7  6  feet 


2  (cgf  -  (ceY  _     ,, 


Fia  U 


I 


177-  Pi^*88ixre  npon  a  Cnrved  Surface  and  Eflect  ^ 
upon  it*i  Projected  Plane,— In  a  vessel,  Fig,  14,  filled  ■ 
with  water,  one  of  whose  ends,  oA,  is  a  segment  of  a  cylin- 
der, and  opposite  end  in 
part  of  the  vertical  plane 
a'b'\  and  in  part  of  a 
hemisphere  ed,  the  total 
pressure  on  ab  will  be 
as  tlie  total  surface  ab; 
hut  its  horizontal  effect 
will  be  as  the  area  of  ita 
vertical  projection  €i'b\    The  total  pressure  on  tlie  end  a*'b\l 
vrill  be  as  the  remaining  surface  of  the  vertical  plane  a "6/^ 
increased  by  the  cojicave  surface  of  the  hemisphere  ci'd^  but 
its  horizontal  effect  will  be  equal  to  its  vertical  projection 
a"'b"'  or  a'b\    The  veitical  effect  on 
the  plane  a"b"  is  equal  to  zero,  but 
the  vertical  effect  of  the  pressure  in 
the   hemisphere    is  repi-esented   by 
the  plan  of  one -half  a  sphere  of 
diameter  equal  to  cd. 

In  a  hollow  sphere.  Fig,  15,  filled 
with  water,  the  total  pressmx?  will 
be  as  the  total  concave  surface  akbh'  j  but  the  horizontal 
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^mt  will  be  as  its  vertical  projection  ab,  which  represents 
^  eiix'^ilar  vertical  plane  of  diameter  equal  to  ab,  and  the 
Vertical  effect  will  be  as  its  horizontal  projection  bb'\  which 
A*pn*sents  a  hoiizontal  circular  area  of  diameter  equal 
loM. 

In  a  pipe,  or  cylinder,  represented  also  in  section  bj 
fig.  15,  the  total  pressui*e  witliin  is  as  the  inner  circumfer- 
ential area  ahbh'\ and  when  the  cylinder  Ees  horizontally 
^e  horizontal  and  vertical  effects  of  its  pressure  in  a  unit 
^f  length  will  be  represented  by  its  vertical  and  horizontal 
PiX>jections  ah  and  bb\ 

If  the  cylinder  is  inclined,  the  pressure  at  any  point 

>n  its  circumference  is  as  the  depth  of  that  point  below 

>®  surface  of  the  water,  and  the  total  pressure  in  pounds 

'^Pon  any  section  of  the  cylinder  will  be  found  by  multi- 

Plj^ing  its  area  in  square  feet  into  the  depth  of  its  center  of  i 

S'^'avity,  in  feet,  below  the  surface  of  the  water  and  their 

^tx>duct  into  the  weight,  in  pounds  (62.5  lbs.),  of  a  cubic 

I 'oot  of  water. 

liS-  Center  of  Pressure  upon  a  Cireiilar  Area^ — 
*^^  center  of  pressure  of  a  vertical  circular  area,  repre-  j 
®^»ted  also  by  Pig.  15,  when  its  top  ^  is  in  the  water  surface,  ' 
I  Is  Q,t  a  depth  below  a  equal  to  five-fouiths  the  radius  of  the 

^"  17{>.  Cimi billed  Pressure^,— The  sum  of  pressures  in 
I  Potinds,  upon  a  number  of  adjacent  siufaces,  may  be  found 
j  ^y  raultiplying  the  sum  of  their  surfaces  in  square  feet  into  I 
tHf^  depth  of  their  common  center  of  gravity,  in  feet,  below 
*-u^  surface  of  the  wat4?r,  and  this  product  into  the  weight  of 
L^  ^tie  cubic  foot  of  water,  in  pounds  (62.5  lbs,  V 
^P  ISO,  HnHtniniiij;  Pre«siire  upon  Floating  and 
I  SuhmerjriHl  Botlle?*,— The  pressure*  ttmding  to  sustain  a 
I        cyhnder  floating  vertically  in  water  c  (Pig.  16)  is  equal  ta] 
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tlie  vertical  effect  of  tbe  pressure  on  its  bott^nn  mva.  The 
sustaining  pressure  may  be  computed,  in  pounds,  by  mu]- 
tiplying  the  bottom  area  of  the  cylinder,  in  square  feet,  into 
its  depth,  in  feet  (wliicU  gives  the  cubical  contents  of  the 
immersed  portion  of  the  cylinder),  and  this  product  into 
tlie  weight  of  a  cubic  foot  of  water, 

Tiie  weiglit  of  water  displaced  may  be  computed  also  by 
multiplying  the  cubic  contents  of  the  immersed  portion  of 
the  cylinder,  in  cubic  feet,  into  the  weight  of  a  cubic  foot 
of  water.  The  tw^o  results  will  be  equal  to  each  other ; 
therefore  the  vertical  effect  tending  to  sustain  the  cylindi? 
is  equal  to  the  weight  of  water  displaced. 

To  compute  the  pressure  tending  to  sustain  the 
cated  cone,  or  pyramid,  rf,  multiply  the  vertical  projection 
of  the  inclined  surfaces  (=  top  arf*a  —  bottom  ai^a),  in  U^i 
into  the  deptli  of  their  common  center  of  gravity,  in  ffi'i 
and  to  this  pi*oduct  add  the  product  of  its  bottom  aiva,  i] 
feet,  into  its  depth,  in  feet,  and  then  multiply  the  sum  o(| 
the  products  into  the  weight  of  a  cubic  foot  of  water,  iiT 
pounds. 

This  sustaining  pressure  will  also  equal  the  weight 
the  water  displaced. 

To  compute  the  pressur**  tending  to  sustain  the  im- 
mersed cube  ^,  multiply,  in  terms  as  before,  the 
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area  into  tlie  depth  and  into  the  wt  ight  of  water,  and  from 
tlie  final  product  sublrac^t  the  product  of  the  top  area  into 
ItB  depth  and  into  tlie  weight  of  water.  Tills  sustaiiiing 
pressure  also  equals  the  w*eight  of  water  displaced. 

The  downward  jii^ssure  on  the  top  of  e  tends  to  sink  it, 
the  upward  pressure  on  its  bottom  to  sustain  it.  The 
Terence  of  the  two  effectsi  is  the  resultant.  The  i^sultant 
will  act  verticaUy  through  the  center  of  gravity'  of  the  body. 
If  e  la  of  the  same  specific  gravity  as  the  water,  then  its 
weight  will  just  balance  the  resultant,  and  it  will  neither 
or  fall  ;  if  of  less  specific  gravity  it  will  rise ;  if  of 

iter,  it  will  sink.  The  cylinder  c  is  evidently  of  less 
specific  graTity  tlian  the  water,  and  d  of  the  same  specific 
gravity. 

Let  c  bo  a  hollow^  cylinder  with  a  water-tight  bottom, 
then  although  it  may  1h>  made  of  iron,  and  weights  he 
placed  witliin  it,  it  will  still  lloat  if  its  total  weight,  includ- 
ing it^  load,  is  less  than  the  weight  of  the  water  it  displaces* 
On  thw  same  principle  iron  ships  float  and  sustain  heavy 
cargoes, 

181.  Viiwurtl  PrewHure  iiiitm  a  Siibiiier^cHl  Jjiii- 
teL— If  Ly  F'ig.  17,  be  a  horizontal  lintel  covering  a  sluice 
between  two  reservoirs,  the  upward  pn^ssure  of  the  water 
upon  lj\  tending  t/)  lift  it,  will  be  equal  to  the  product  of 
tile  redangular  area  ij  into  its  depth  and  into  the  weight 
of  u  cubic  foot  of  water ;  that  is,  the  upward  pr*\^sure  in 
pounds  will  be  equal  to  the  weight  in  iK)unds  of  a  prism 
of  water  having  the  rectangidar  area  ij  for  its  base  and  the 
depth  of  ij  below  the  surface  of  the  water  for  its  height. 

If  the  lintel  is  constructed  of  rimVr,  at  a  considerable 
deptUf  and  is  not  ^xjually  as  strong  as  the  enclosing  walls 
of  th**  re«en'oir  at  the  same  depth,  it  may  be  broken  in  or 
thrust  upward. 
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182.  Atinospheric  Pr©8snire, — Upon  the  particles 
all  bodies  of  water  i-estiiig  iu  open  vessels  or  reservoi; 

there  is  a  force  constantly 
acting,  in  addition  to  tli^^l 
direct  force  of  gravity,  iipoi^^ 
the  ijidependeut  particles^^ 
This  foi^ce  comes  from  th^H 
effect  of  gravity  upon  the 
atmosphere.  The  weigl 
of  the  atmosphei-e  producei 
a  pressui'e  iii>on  the  »iii 
face  of  tlje  water  of  abou 
14.75  pounds  per  sqa^ 
inch,  or  abont  2124  poonds  per  square  foot^  This  is  equiv- 
alent to  a  column  of  water  L  43*^4-9  ft  ~ )  34.028  feet  high. 

In  the  open  vessel,  Fig.  18,  filled  wnth  watt»r  to  the  lev€ 
a,  the  effect  of  the  pressure  of  the  atmosphere  is  transniitte 
tlmnigh  the  pai-ticlea,  and  acta  on  all  the  interior  snrfac 
below  the  water  surface  ahb'a\  with  a  force  of  14.75  ptmni 
on  every  square  inch,  in  addition  to  the  pressuj^  fjx>ni  thd 
weight  of  the  water.     There  is  also  an  equal  atmospheric 
pressiu'e  on  the  exterior  of  the  vessel  of  14.75  pounds  per 
squares  uich  ;  therefore  the  resultant  is  zero,  and  the  wei;[?ht 
of  the  atmosphere  does  not  tend  to  move  either  side  of  th€ 
vessel  or  to  tear  the  vessel  asunder. 

183.  Rise  of  Water  into  a  Vacuum. — If  the  tnl)e 
be  extended  to  a  height  of  thirty-five  or  mom  feet  above  th^ 
surface  of  tlie  water,  and  a  piston,  containing  a  proper  valv(\ 
be  closely  fitted  in  iU  upi>er  end,  then  by  means  of  the  pistoq^j 
the  air  may  be  pumped  out  of  the  tube,  and  the  surface  o^^^ 
water  in  the  tabe  relieved  of  atmospheric  pressure.  The 
equilibrium  of  the  particles  witliin  the  tube  will  then  be  de 
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Stroytd,  and  the  pressum  of  the  atmosphere  acting  through 
the  particles  in  the  lower  end  of  the  tube  will  press  tlie 
water  up  the  tube  to  a  height,  according  to  the  perfection 
of  tlie  vacuum,  of  34.028  feet  approximat*?Iy,  It  is  atmos- 
plieric  pn?asure  that  causes  pump  ey liiidei's  to  fill  when  they 
are  above  the  free  stirface  of  the  water. 

If  the  bottom  of  tlie  iminei-sed  tube,  erf,  be  closed  by  a 
Talve,  and  the  tube  filled  with  w^ater,  and  the  top  tlien 
sealed  at  a  height  of  thirty-five  or  more  feet  above  the  sur- 
face of  tlie  water  ita\  the  valve  at  d  may  afterwards  be 
opeoetl,  and  the  pi^ssure  of  the  atniosplierr  acting  through 
the  particles  in  the  lower  end  of  tlie  tube  will  sustain  the 
colnnm  to  a  height  of  34.028  feet  approximately. 

184,  Slplioiu— If  the  bent  tribe  or  siphon,  efg.  Fig.  18, 
having  Its  l»^g/Y/  longer,  veilically.  than  its  leg  ef^  bf  tilled 

.iritli  water  and  its  end  ^  inserted  in  the  water  A,  then  the 
tiott  of  gravity  upon  the  water  m  the  leg  fg^  will  be 
greater  tlian  upon  the  water  in  the  leg  ej\  and  the  equi- 
lilmum  in  the  particles  at/  will  be  destroyed.  The  pres- 
8^m-  of  the  atmosphere  on  the  surface  ao!,  will  constantly 
prr^  the  water  A  up  the  leg  <\t\  tending  to  restore  the  <  qui- 
^ibrintn,  and  gmvity  acting  in  the  legfff  wOl  as  constantly 
tend  to  destroy  the  equilibrium,  consequently  there  will  be 
^constant  flow  of  the  water  A  out  of  the  end  r/,  until  the 

"*ator  mirface  falls  nearly  to  the  level  e^  or  until  the  air  can 
t^nt^ratn 

185,  Trail  Hill  iHsioii  of  PrenHure  to  a  Distaiiee.— 
Tht^fff'eci  of  press  UT€  mi  ajluid  is  transmitted  through  its 
pdrtkha  to  any  distance,  however  indejinitely  gieaf^  to  the 
fimit  of  its  volume. 

If  water  i«  i>oured  into  the  open  top  h\  Fig.  10,  the  divi- 
rfnn  ftV ,  will  fill  us  fast  as  the  division  V\  and  the  water 
trill  Bow  over  hg^  and  wiU  rcach  the  level  a\  at  appi-oxi- 
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mj  iiiTeited     1 
L  water  will     * 


mak*Iy  the  eaiiie  time  as  it  readies  6  ;  so  in  anj  in 
Hlplion,  or  iu  a  system  of  water  pipes  of  a  town,  water  will 
iu  cotii*L*quejice  of  transtmitted  pressuTB,  flow  from  an  ek^ 
vati'd  9ourc«3  down  through  a  valley  and  up  on  an  opposite 
hill  U)  the  level  of  the  source.     If  the  syjilion,  or  pipe,  ha^ 
an  in(h*finite  number  of  bnmches  with  open  topsash^b  a& 
the  HDurce,  tlien  the  sujfaee  of  the  water  at  the  sooroe  aiid 
in  i\ieh  of  tlie  branrlies  will  rest  in  tlie  same  nJative  eleva^- 
ium  nf  the  eartirs  curvature. 

180,  IiiviTtod  Siphon. — By  transmission  of  pre^U-X* 
throu^li  tlin  particlt's,  water  in  a  pool  or  lake  near  the  sui»^' 
mit  of  oiir  hill  or  mountain  is  sometimes,  when  the  rocrl*- 
strata  hHvt>  bt»en  bent  into  a  favoring  shape,  forced  throa^^ 
\i  uutuml  subterranean  inverted  siphon,  and  caused  to  flo"^" 
nut  as  a  tspriiig  on  an  opposite  hill  or  mountain  summit. 

IH7*  l^ri'Hsnro  Convertible  Into  3Iotion. — Thus  v^^^ 
Hee  that  the  fon*v  of  gravity  in  the  form  of  weight  is  co^^ti- 
vtTtible  hito  pn*8sim\  and  pressure  into  motion;  and  th^^^ 
motion  may  be  converted  into  pressure,  and  pressure  1—^^^ 
tHiuiviUent  to  weight, 

Mution  we  an*  accustomed  to  measure  by  its  rate,  whic^ 
we  t4»rm  its  veloeity  ;  that  is,  the  number  of  units  of  spac 
pasHixJ  over  by  the  moving  body  in  a  unit  of  time^  as,  fe^* 
per  Becimd, 

MOTION     OF     WATER. 


ic=r^ 


188.  Flow  of  \\x\Un\—AU  farces  tending  to  destroy 
tquililtrium  a$nong  the  particles  of  a  body  of  water  tend 
to  pnuhttY  motion  in  Dntt  body. 

We  have  above  ivferiixl  to  tlie  accepted  tlieorj'  of  motion 
due  to  the  intlueiiee  of  caloric  ;  there  is  a  motion  of  water 
dui>  to  til©  winds,  a  motion  due  to  the  attraction  of  the 
hwvenly  Ixxiies,  and  an  artificial  motion,  as,  for  instance. 
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!lt  due  to  the  pressui'e  of  a  pump-piston.  The  motion 
krein  to  Ite  considered  is  that  originiited  by  the  influence 
fif  gravity  and  tennt^  the  Jtow  of  water. 

189.  Action  of  Gi-avity  upon  Individual  Mole- 
fiilen* — Afl  natural  flow  of  water  is  due  to  the  force  of 
{rrriviti/,  acting  upon  and  generating  motiau  in  its  indi- 
ffi€iual  rnaleeides. 

If  in  the  side  of  a  vessel  filled  with  water  tliere  be  made 
j  VLTX  urilice;  if  one  end  of  a  level  pipe  filled  with  water  be 
lowered :  or  if  a  channel  lilled  with  water  have  its  water 
np»loased  at  one  end,  tJien  equilibrium  among  the  particles 
<>f  the  water  will  be  destroyed,  and  motion  of  the  water  will 
I  ect£Qe.  Gravity  is  tlie  force  producing  motion  in  either  case, 
%nd  it  acts  upon  each  individual  molecule  as  it  acts  upon  a 
aolid  body,  free  to  move,  or  devoid  of  friction. 

I0O,  FrictionlCHs  Movement  of  Moiecnles, — The 
cooleeules  of  water  move  over  and  past  each  otlier^vith  such 
t>^oiarkable  ease  that  tliey  have  usually  been  considered  as 
^wold  of  friction^ 

Tlie  formulas  in  common  use  for  computing  the  velocity 
^Ih  rhich  water  flows  from  an  orifice  in  the  bottom  or  side 
^t  a  tank  filled  with  water,  assume  tijat  the  individual 
molecules,  at  the  axis  of  the  jet,  will  issue  with  a  velocity 
t'qual  to  that  the  same  molecules  would  have  acquired  M 
^»^y  had  fallen  freely,  in  vacuo,  in  obedience  to  gravity,  from 
^  lieight  alK)ve  the  orifice  equal  to  the  height  of  the  surface 
oftlie  water, 

191,  Aecelenition  of  Motion. — ^The  force  of  gravity 
Perpetually  gives  new  impuUe  to  a  falling  body  and  accel- 
^(Uci  Us  Tnotian,  if  unresisted,  in  regidar  matkeniatical 
proportion. 

Experiment  has  shown  that  a  solid  body  falling  freely 
in  ooctio,  at  the  level  of  the  sea,  passes  througli  a  space  or 
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height  of  16.1  feet  nearly,  duriug  the  first  second  of  time; 
has  a  velocity  at  the  end  of  the  first  second  of  32.2  feet_ 
nearly,  and  is  accelerated  in  each  succeeding  second 
feet  nearly,    Tlie  nsual  symbol  of  this  rate  of  acceleratic 
is  g,  the  initial  of  the  woi^  grai^Uy^  and  we  shall  have 
quent  occasion  for  its  use. 

The  latitude  and  altitude,  or  distance  from  the  centre  i 
the  earth,  affects  the  rate  of  raotiou  sliglitly,  but  does 
affect  materially  the  results  of  urdinaiy  hydrodynamic 
ciilatioiis. 

The  resistance?  of  the  air  affi^ts  slightly  the  motion 
dense  bodies,  and  retards  them  more  if  they  are  just  se| 
rating,  as  water  sepamtes  into  spray. 

lt)*i,  EiiiiutioiiK  of  Motion. — ^The  velocity,  ^.  acqat 
by  a  solid  body  at  tlie  end  of  any  time,  tj  equals  the  pr 
uct  of  time  into  its  <icceIemtion  by  gravity,  //,  and  is  dirt»ctl 
proportional  to  the  time : 

V  I  g  IX  t  \  1^        or       v^gt. 

The  heiglit,  A,  through  which  the  body  falls  in  oi» 
second  of  time  equals  fgr,  and  the  heights  in  any  give 
times,  ^,  are  as  the  squares  of  those  times : 

h:y::e^:iiy,        or       h^lgfi; 

and,  by  transposition,  we  have 


=v/f 


This  value  of  t  in  the  equation  of  v  gives 

From  these  equations  we  deduce  the  following  gener 
'iBqnations  of  timej  t;  7i tight,  h;  velocity^  v;  and  accelera 
tioiiy  g : 


I  A 


PABABOLIC   PATH   OP   THE   JET. 


,    _  ^  _     »'  _       to 

V  =  gt   -^  =  V25*  =  8.0227VA 

0 


031063b 
016636»» 


fl'  = 


t 


2h 


2h 


=  32.1908 


187 

(1) 
(2) 

(3) 
(4) 


The  time^  space^  and  velocity  are  at  the  ends  of  the  first 
ten  seconds  as  follows : 


Ji«ae(/> 

Velocity  (tf) 

^©OBlwation  U). 
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193.  Parabolic  Path  of  the  Jet. 

spaces  of  the  column  of 
spaces  or  heights  to  a 
scale  on  a  vertical  line, 
^^^ginning  with  zero  at 
^^^  top,  and  then  from 
tl^«  space  i)oints  plot 
horizontally  to  scale  the 
^^locities,  as  in  Fig.  19, 
Wid  then  from  zero  draw 
^  emved  line  ac,  cutting 
ttie  extremities  of  the 
l^orizontal  lines,  the 
^^xure  dc  will  be  a  pa- 

^bola,  the  vertical  line 

oft  its  abscissa,  and  the 

liorizontal  lines  its  ordi- 

iiates. 


-If  we  plot  the 


Fig.  19. 


X  B    Velocity  in  feet  per  second. 
9 


Jt*    2$0t.9 
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194,  Velocity  of  Efflux  Proi>ortioual  to  the  Hea 

— K  in  the  several  sides  of  a  reservoir  A^  Fig.  19</,  ke| 
filled  witli  water,  orifices  with  thin  edges  are  made 
dei^tha  of  20  feet,  25  feet,  50  feet,  75  feet,  and  100  feet  from 
the  surface  of  the  water,  then  water  will  issue  from  each 


FIQ.  19a. 


.t 


orifice  in  a  direction  perpendicular  to  the  side,  with  a  veloc^ 
ity  proi>oi'tional  to  the  square  root  of  the  head  of  wat 
above  the  centre  of  gravity  of  the  orifice,  and  equal  approx- 
imately to  the  velocity  one  of  its  ]>articles  would  have 
acquii-ed  if  it  had  fallen  ft^^y  from  the  height  of  the  heac 
195.   CoiiveiHlon    of  the  Force   of  Gravitj   fVoi 
Pressure  into  >Ii»tioii,^The  accumulated  vertical  force 
of  gravity  due  to  the  liead  or  ''chaise''  will  act  upon  the 


lo^y 
^t«fl 
■ox- 
ave    I 
id^ 


ft 

I 


ft 
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pftrticles  as  pressure  before  the  orifice  is  opened,  but  in- 
stantly ujKJU  an  orifice  being  opened  pressure  will  impel 
the  paiticles  of  water  in  the  direction  of  the  axis  of  the 
orifice,  and  gmvitj'  will  begin  anew  to  act  upon  the  parti- 
cles in  a  vei*tical  direction.  If  the  axis  of  the  orifice  is  not 
vertical,  gravity  will  deflect  the  particles  throngh  a  curved 
Iia  th. 

196.  RcHultaut  Effects  of  Pressure  and  Gravity 
upon  the  Matiiiii  of  a  Jet, — If  on  a  line  at^  drawn 
through  tlie  center  of  an  orifice,  peipendicular  to  the  plane 
of  the  orifice,  we  plot  to  scale  the  jiroducts  of  any  giv(>n 
times  into  a  given  velocity,  and  from  each  of  the  points 
thus  indtcatiHl  we  plot  vertically  downward  the  distance,  a 
Ijody  will  fall  fn^ely  in  those  times,  op,  and  then  from  the 
orifice  draw  a  line  throngli  tlie  extremities  of  the  vertical 
lines,  the  cnrvi^l  line  thus  8ketch*:»d  will  indicate  the  patli 
of  the  jet  tjowing  from  the  orifice.  The  curved  line  is  a 
parabola,  to  vvliich  tlie  axis  of  the  orifice  is  tangent ;  and 
the  distances  a^  upon  the  tangent  are  equal  and  parallel  to 
ordinates,  and  represent  the  force  per  unit  of  time  given  to 
the  particles  of  the  jf*t  by  pivssiire,  and  the  verticals  fi-oni 
e  tangent  an^  equal  and  para]l»4  to  abscisses,  and  repre- 
t  by  tlieir  increase  tln.vaccelerating  effect  of  gravity  upon 
the  falling  particles.  The  distances  uo  and  op,  ordinates  ap^ 
and  abscisses  aa\  form  a  series  of  parallelograms,  one  angle 
of  which  lies  in  the  orifice  and  the  opposite  angles  of  which 
lie  in  the  cun*ed  path  of  the  jet,  and  tlie  diagonali>  of  which 
are  c*qual  to  n^sultants  of  tlie  effects  of  jxressure  and  gravity. 
197.  E«iual  Pressures  give  Equal  Velorities  hi  all 
DlrecttoiiH.— The  velocities  of  issues,  downward  from  the 
orifice  c  and  upward  from  the  orifice  c,  and  liorizontally 
from  the  lower  orifice  h\  will  be  equal,  since  they  all  are  at 
the  same  depth. 
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198.  Resistance  of  the  Air. — Since  the  velocity  of 
upward  issue  from  c  is  due  to  the  gravity  force  of  the  head 
dCy  acting  as  pressure,  the  jet  should  theoretically  reach  the 
level  of  the  water  surface  d.  The  spreading  of  the  particles 
and  consequent  enhanced  resistance  of  the  air  prevents  such 
result,  and  the  resistance  increases  as  the  ratio  of  area  of 
orifice  to  height  of  head  decreases. 

199.  Theoretical  Velocities.— The  following  table  of 
theoretical  velocities  and  times  due  to  given  heights  or  Tieads 
has  been  prepared  to  facilitate  calculation : 


TABLE     No.    40. 

Correspondent  Heights,  Velocities,  and  Times  of  Falling 

Bodies. 


1                -  - 

V  =  Va^H 

!  -v'i 

H=--- 

V  =  V^H 

'■4/7 

Head  in  feet 

Velocity  in  feet 
per  second. 

Time 
in  seconds. 

Head  in  feet 

Velocity  in  feet 
per  second. 

Tim^ 
in  seconds. 

.OIO 

.80 

.0248 

.145 

3.05 

.0949 

.015 

.98 

.0304 

.150 

3." 

.0964 

.020 

1. 13 

.0350 

.155 

3.16 

.0980 

.025 

1.27 

.0394 

.160 

3.21 

.0995 

.030 

1.39 

.0431 

.165 

3.26 

.1011 

.035 

1.50 

.0465 

.170 

3.31 

.1016 

.040 

1.60 

.0496 

.175 

3.36 

.1042 

.045 

1.70 

.0527 

.180 

3.40 

.1054 

.050 

1.79 

•0555 

.185 

3.45 

.1069 

•055 

1.88 

.0583 

.190 

3.50 

.1085 

.060 

1.97 

.0611 

.195 

3.55 

.tioo 

.065 

2.04 

.0632 

.20 

3-59 

.1113 

.070 

2.12 

.0657 

.21 

3.68 

.1141 

.075 

2.20 

.0682 

.22 

3.76 

.1166 

.080 

2.27 

.0704 

.23 

3.85 

.1193 

.085 

2.34 

.0725 

.24 

3-93 

.1221 

.090 

2.41 

.0747 

.25 

4.01 

.1243 

.095 

2.47 

.0766 

.26 

4.09 

.1268 

.100 

2.54 

.0787 

.27 

4.17 

.1293 

.105 

2.60 

.0806 

.28 

4.25 

.1317 

.110 

2.66 

.0825 

.29 

4.32 

.1339 

.115 

2.72 

.0843 

.30 

4-39 

.1361 

.120 

2.78 

.0862 

.31 

4.47 

.1386 

.125 

2.84 

.0880 

•32 

4-54 

.1407 

.130 

2.89 

.0896 

.33 

4.61 

.1429 

.135 

2.95 

.0914 

.34 

4.68 

.1451 

.140 

3.00 

.0930 

.35 

4.75 

.147a 

\ 

\ 
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IIX>RRESPOND£NT  HEIGHTS,  VELOCITIES,  AND  TiMES  OF  FALLING 

Bodies — {Continued.) 


«  =  •! 

p^V^H 

"V^ 

-; 

^=¥im 

'■V^ 

El«dlol««L 

per  aet^Hid. 

Timu 
in  aeoondi. 

Me*d  In  bset 

Vclodly  in  f€«t 
per  second. 

Time 

iQiecoad& 

■3& 

4.81 

*I491 

.83 

7-31 

,2266 

■J7 

4-87 

.1510 

.84 

7-35 

.2278 

^1% 

4-94 

'I53I 

.85 

7.40 

.2294 

■39 

5.01 

1553 

»86 

7.44 

*2366 

,40 

5'07 

.1573 

.87 

7^48 

.3319 

-41 

5.14 

1593 

»88 

7^53 

'3334 

.42 

S-ao 

.  1612 

.89 

7^57 

.3347 

•43 

S.26 

-1634 

■90 

7.61 

.3359 

-44 

533 

*i649 

,1668 

91 

7^65 

-3377 

•4S 

538 

93 

7.70 

*2387 

--46 

5.44 

.[6S6 

.93 

7-74 

.2399 

-47 

S-SO 

,1705 

.94 

7-78 

,2413 

*43 

s  56 

-1724 

'?! 

7.82 

,2434 

-49 

S.63 

.1742 

,96 

7,86 

3437 

-  S^ 

S.67 

*I7SS 

.97 

7.90 

•3449 

*  51 

5^73 

*i779 

,98 

7-94 

.2461 

-  SI 

5-79 

■1795 

,99 

7,98 

,3474 

^  53 

5  85 

-1813 

I, 

8.03 

.3491 

-  54 

5  90 

.1S29 

1,02 

8,10 

.2518 

-  55 

5^95 

.1S44 

1.04 

8  18 

■3543 

-56 

6.00 

,i96o 

1.06 

8.26 

.2567 

-57 

6,06 

-1879 

1,08 

8,34 

.2589 

^5i 

6.11 

.1894 

1. 10 

8.41 

.2616 

'59 

6.17 

,1913 

1.12 

8.49 

.2638 

,60 

6.23 

.igaS 

i.u 

8-57 

.2660 

-61 

6.38 

■1947 

1,16 

8.64 

.3683 

.6a 

6,32 

-1959 

ia8 

8.72 

.2706 

.63 

637 

-1975 

I.^O 

8^79 

.2730 

M 

6.4a 

.1990 

1.22 

8,87 

.2751 

M 

6.47 

.1999 

1.24 

8.94 

'3774 

M 

6,5a 

.2mt 

1.26 

9. or 

'3797 

,67 

6.57 

*2*>37 

1.28 

g.oS 

.2819 

M 

6.G1 

.Sf049 

1.30 

9-15 

>2S4a 

M 

6.66 

-  2065 

1.33 

9.31 

-2866 

.70 

6.71 

.2080 

1-34 

9.29 

.2885 

71 

6.76 

,2096 

1.36 

9,36 

.2906 

.7a 

6.81 

,2111 

1.38 

9-43 

.2927 

n 

6.86 

,2127 

1.40 

9-49 

'2950 

■74 

6.91 

.214a 

1.43 

9'f7 

.2968 

•75 

6-95 

.3154 

1-44 

9.63 

.2991 

1^ 

6  99 

.2167 

1-46 

9.70 

*30io 

77 

7.04 

.arSa 

1,4s 

9^77 

.3030 

,7a 

709 

.2198 

1.50 

9.83 

.3053 

■79 

7*13 

.2210 

i*5S 

9-Q8 

.3106 

Bo 

7,18 

.2226 

1.60 

10.2 

■3137 

M 

7.22 

.2238 

1.65 

10.3 

3^m 

.Sa 

1       7*a6 

.2251 

1*70 

10. s 

.3338 
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Correspondent  Heights,  Velocities,  and  Times  of 
Bodies — {ConHnue£) 


r=fvH 

'Vv 

l»=5 

r=VvH 

Head  in  feet 

Velocity  in  feet 
per  second. 

Time 
in  seconds. 

Head  in  feet 

Velocity  In  feet 
per  second. 

1.75 

10.6 

.3302 

8.4 

23.3 

1.80 

10.8 

.3333 

8.6 

23.5 

1.85 

10.9 

.3394 

8.8 

23.8 

1.90 

II. I 

.3423 

1        9. 

24.1 

1.95 

II. 2 

.3482 

9.2 

24.3 

2. 

II. 4 

.3509 

1         9-4 

24.6 

2.1 

II. 7 

.3590 

9.6 

24.8 

2.2 

II. 9 

.3697 

9.8 

25.1 

2.3 

12.2 

.3770 

!       10. 

25.4 

2.4 

12.4 

.3871 

10.5 

26. 

2.5 

12.6 

.3968 

II. 

26.6 

2.6 

12.9 

.4031 

II. 5 

27.2 

2.7 

13.2 

.4091 

12. 

27.8 

2.8 

134 

.4179 

12.5 

28.4 

2.9 

13.7 

.4234 

13. 

28.9 

3. 

13.9 

.4317 

13.5 

29.5 

31 

14. 1 

.4397 

14. 

30. 

3.2 

14.3 

.4476 

14  5 

30.5 

3.3 

14-5 

.4552 

15. 

31. 1 

3.4 

14.8 

.4595 

15.5 

31.6 

3.5 

15. 

.4667 

16. 

32.1 

3.6 

15.2 

.4737 

16.5 

32.6 

3.7 

15.4 

.4805 

17- 

33.1 

3.8 

15.6 

.4872 

17.5 

33.6 

3.9 

15.8 

.4937 

18. 

34. 

4. 

16. 

.5000 

18.5 

34.5 

4.2 

16.4 

.5122 

19. 

35. 

4.4 

16.8 

•5238 

19.5 

35.4 

4.6 

17.2 

.5343 

20. 

35.9 

4.8 

17.6 

.5454 

20.5 

36.3 

5. 

17.9 

.5587 

21. 

36.8 

5.2 

18.3 

.5683 

21.5 

37.2 

5.4 

18.7 

.5775 

22. 

37.6 

5.6 

19. 

.5895 

22.5 

38.1 

5.8 

19.3 

.6010 

23. 

38.5 

6. 

19.7 

.6091 

23.5 

38.9 

6.2 

20. 

.6200 

24. 

39-3 

6.4 

20.3 

.6305 

24.5 

39.7 

6.6 

20.6 

.6408 

25 

40.1 

6.8 

20.9 

.6507 

26 

40.9 

7. 

21.2 

.6604 

27 

41.7 

7.2 

21.5 

.6698 

28 

42.5 

7.4 

21.8 

.6789 

29 

43.2 

7.6 

22.1 

.6878 

30 

43.9 

7.8 

22.4 

.6964 

31 

44.7 

8. 

22.7 

.7048 

32 

45.4 

8.2 

23. 

.7130 

33 

46.1 
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Correspondent  Heights,  Velocities^  and  Times  of  Falling 
Bodies — ( Continued.) 


v^V^H 

'Vf 

H  =  :^* 

v=Vh^ 

'V? 

Httdinieet 

Velocity  in  feel 
*    per  secoad. 

Time 
in  seconds. 

Head  in  feet 

Velocity  in  feet 
I>er  second. 

Time 
in  seconds. 

34 

46.7 

I. 4561 

77 

70.4 

2.1874 

35 

47.4 

1.4768 

78 

70.9 

2.2003 

36 

48.1 

1.4968 

79 

71.3 

2.2160 

37 

48.8 

I. 5164 

80 

71.8 

2.2284 

38 

49.5 

1.5354 

81 

72.2 

2.2438 

39 

50.1 

1.5569 

82 

72.6 

2.2590 

40 

50.7 

1.5779 

83 

73.1 

2.2709 

41 

51.3 

1.5984 

84 

73.5 

2.2857 

42 

52. 

I. 61 54 

l^ 

74.0 

2.2973 

43 

52.6 

1.6350 

86 

74.4 

2.3118 

44 

53.2 

I. 6541 

87 

74.8 

2.3262 

45 

53.8 

1.6729 

88 

75.3 

2.3373 

46 

S4.4 

I. 6912 

89 

75.7 

2.3514 

47 

55. 

1.7090 

90 

76.1 

2.3653 

48 

55.6 

1.7266 

91 

76.5 

2.3791 

49 

^6.2 

1.7438 

92 

76.9 

2.3927 

50 

56.7 

1.7637 

93 

77.4 

2.4031 

51 

57.3 

I. 7801 

94 

77.8 

2.4165 

52 

57.8 

1.7993 

95 

78.2 

2.4297 

53 

58.4 

I.8151 

96 

78.6 

2.4427 

54 

59. 

1.8305 

97 

79.0 

2.4557 

55 

59-5 

1.8487 

98 

79.4 

2.4685 

56 

60. 

1.8667 

99 

79.8 

2.4812 

57 

60.6 

I. 8812 

100 

80.3 

2.4907 

58 

61. 1 

1.8985 

125 

89.7 

2.7871 

59 

61.6 

I. 9156 

150 

98.3 

3.0519 

60 

62.1 

1.9324 

175 

106 

3.3019 

61 

62.7 

1.9458 

200 

114 

3.5088 

62 

63.2 

1.9620 

225 

120 

3.7500 

63 

63.7 

1.9780 

250 

126 

3.9^)83 

u 

64.2 

1.9938 

275 

133 

4  i?53 

65 

64.7 

2.0093 

300 

139 

4  3165 

66 

65.2 

2.0245 

350 

150 

4.6667 

67 

65.7 

2.0396 

400 

160 

5.0000 

68 

66.2 

2.0544 

450 

170 

5.2941 

69 

66.7 

2.0690 

500 

179 

5.5866 

70 

67.1 

2.0864 

550 

188 

5.8511 

71 

67.6 

2.1006 

600 

197 

6.0914 

72 

68.1 

2.II45 

700 

212 

6  6038 

73 

68.5 

2.1313 

800 

227 

7.0485 

74 

69. 

2.1449 

900 

241 

7.4689 

75 

69.5 

2.1583 

1000 

254 

7.8740 

76 

69.9 

2.1745 

at    1 


200-  Motion  of  the  Imli\iilual  Particles,—! 

aperture  is  made  in  the  bottom  or  side  of  a  tank,  tilled  vvith^ 
water,  the  particles  of  water  will  move  from  all  portions  of 
tlie  body  toward  the  opening,  and  each  particle  flo\\1iig  ou| 
will  arrive  at  the  aperture  with  a  velocity,  V,  dependent 
upon  the  pressure  or  head  of  water  upon  it,  and,  as  we  sha 
see  hereafter,  n]}on  its  initial  position. 

201.  Theoretieal  Volume  of  EflBiix.— If  we  assume 
the  fluid  veins  to  ]>as3  out  through  the  orifice  parallel  with 
each  other,  and  witli  a  velocity  due  to  the  head  upon  each, 
and  the  section  of  the  jet  to  he  equal  to  tlie  area,  ^'i  of  the 
orifice,  tlien  the  theoretical  volume,  or  quantity,  Q,  of  dis- 
charge will  equal  8  x  V=  SVigH;  ^ being  tlie  head  upon_ 
the  centre  of  the  orifice,  and  g  the  acceleration  of  gravit 
per  second  =  32.2  feet.  We  have  then  for  the  theoretic 
volume 

Q^  8  V^gff. 

202*  Convergring:  Path  of  Partieles.~The  particle 
are  observed  to  approach  the  orifice,  not  in  parallel  veins 
but  by  curved  converging  paths,  and  if  the  partition  is 
"ttm,"  the  convergence  is  continued  slightly  beyond  the 
partition,  a  distance  dependent  upon  the  velocity  of  the 
particles. 

203.  Classes  of  Orifiees*— If  the  top  of  the  orifice 
beneath  the  surface  of  the  water,  the  orifice  is  termed  a  sul 

rged  orifice,  and  if  the  surface  of  the  wati^r  is  below  tl 
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'top  of  tlie  orifice,  the  notch  ia  t€.»rmed  a  ^'weir,^^    We  are 
now  to  consider  submerged  orifices. 

204.  Foriii  fif  Su1inierj?eil  Orifiee-jet.— In  Fig,  20 
is  shown  a  submerged  circular  orifice  in  tliiu  partition. 


Fig.  21. 


Fio.  20. 


h 


In  Fig-  21  are  delineated  more  clearly  the  pmportions 
of  the  issuing  jet  at  the  contracted  vein^  or  vend  cmiiractd^ 
us  it  was  termed  by  Newton.  The  form  of  tlie  contracted 
■vein  has  been  the  subject  of  numerous  measure nunits,  and 
aa  tlie  result  of  late  exi>eriment8  writers  now  usually  assign 
to  the  threi*  dimensions  I^K^  fkj  and  Llj  the  ratios  1.00, 
0.7854,  0.498,  as  mean  proportions  of  circular  jets  not  ex- 
ceeding oni'-half  foot  diameter, 

205.  Ratio  of*  Miiiitiiimi  Seetioii  of  Jet.— Tlie  par- 
tides  of  the  jet  that  arrive  at  tlie  centre  of  tlie  orifice  have  a 
direction  parallel  witli  the  axis  of  tlie  orifice.  Tlie  ymrticles 
tliat  arrive  near  the  perimeter  have  converging  directions^ 
and  since  tliey  have  individually  both  weight  and  velocity, 
they  have  also  individual  force  or  momentum  in  their  direc- 
tions. This  force  must  be  deflected  into  a  new  direction, 
and  as  it  can  be  most  easily  deflected  tlirough  a  cur\'ed 


path,  the  cuire  is  continued  until  the  particles  bare  paral 
lelism.     The  point  where  the  direction  of  the  particles^  i^ 
parallel  is  at  a  distance  from  the  inside  of  a  small  squar 
edged  orifice,  equal  to  about  one-half  the  diameter  of  the 
orifice,  and  the  diameter  of  the  jet  at  that  point  is  equal 
to  about  0.7854  of  the  diamet43r  of  the  orifice*     The  cross-j 
section  of  a  circular  jet  at  the  same  point  has  there  fort* 
mean  ratio  to  the  area  of  the  oriiice  as  (0.7864/  to  (1,00)',^ 
or  as  0.617  to  LOO. 

306,  Vfihiine  of  Effliix. — If  the  velocity  due  to  the' 
head  upon  the  center  of  the  orifice  is  the  mean  velocity  of  j 
all  the  jjarticles  of  the  jet,  then  we  have  for  the  volume  of| 
discharge, 

Q  =  0,6175  X  F,  or  0  :^  QMlSV2gH.  (2)j 

The  real  volume,  Q,  of  the  jet,  and  its  ratios  of  velocity 
and  of  contraction,  have  been  the  subjects  of  many  obser^ 
vations,  and  have  engaged  the  attention  of  tlie  ablest  ex-' 
peri  men  tiilista  and  hydraulicians,  from  time  to  time,  during^j 
many  years.  ^^ 

a07»  CoefBeient  of  Efflux.  —  In  every  jet  flowing 
through  a  thin  orifice  there  is  a  reduction  of  the  diameter 
of  the  jet  immediately  after  it  passes  the  oriiice.  Some 
fractional  value  of  the  area  S,  or  the  velocity  K  or  the. 
the  theoretical  volume  Q,  must  therefore  be  taken^that  i3»| 
they  must  be  multiplied  by  some  fraction  coelBcient  to  com- 
pensate for  the  iT*ductioii  of  the  theoretical  volume  of  the 
jet.  This  fractional  coefficient  is  ti^rraed  the  eotffi^Hefd  uf'^ 
discharge.  Place  the  symbol  c  to  represent  this  coefficient, 
and  the  formula  for  volume  of  discharge  becomes 


least  section  of  the  jet,  and  here  only  can  it  approxiinate  to 
♦  "iyB,  The  mean  velocity  will  be  less  at  the  entmnce  to 
the  orifice,  and  also  after  passing  the  contraction,  than  in 
the  tx)n traction.  When  speaking  of  the  velocity  of  the  par- 
ticles or  of  the  jet  hereatter,  in  connection  with  orifices,  the 
maximum  Telocity— that  is,  the  velocity  in  the  contraction 
—is  referred  to,  unless  otherwise  specially  stated. 

209.  Factors  of  the  Coeffleieiit  of  Efflux.^If  the 

of  the  orifice  are  squam,  the  circumferential  particles 

~f  the  jet  receive  some  reaction  from  them  ;  theiTfore  only 

the  axial  particles  can  have  a  velocity  equal  to  V2gII,  and 

the  mean  velocity  is  a  small  fraction  less* 

In  such  case  the  general  coefficient  of  discharge  (e)  will 
^:>e  the  product  of  two  factors,  one  representing  the  reduc- 
tion of  velocity,  and  the  other  the  reduction  of  the  s<*ctional 
^rea  of  the  jet. 

We  shall  have  occasion  to  investigate  these  factors  after 
"^re  have  determined  the  value  of  the  general  coefficient 

210.  Pi'ac'tical  Use  of  a  Coeflirieiit.— The  usefulness 
<if  a  cot^eient,  when  it  is  to  be  api>lied  to  new  computa- 
tions^ depends  ui>on  its  accord  with  in-actical  results. 

All  new  and  successful  hj^draulic  constructions  of  orig- 
inal design  must  have  their  proportions  based  upon  com- 
patations  previously  made.  Those  computations  must  be 
fouiid<3d  uix>n  hydrodynamic  fonnulae  in  which  the  co- 
efficient performs  a  most  important  ofBce.  In  fact  the 
skillful  a])plication  of  formula?  to  liydmulic  designs  de- 
r^ends  upon  the  skillful  adaptation  of  the  one  or  more  co- 
efficients therein. 

Tlie  coefficient  product  a^lopted  must  harmonize  Tfiith 
reerults  Ix^fore  obtained,  practicallj^  or  exiH^rimentallj ,  and 
the  parallel  ism  of  all  the  conditions  of  the  old  or  exfieri- 
rnental  structure  and  the  new  design  cannot  l)e  too  closely 


I 

I 


I 
I 
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■       scrutinized  when  an  exi)erimental  result  is  to  conti'ol  a  new^^ 

^^  design  for  practical  execution.                                                        1 

^H       311.  Experinieiital  Coc^fficients,— A  few  experimental      J 

W^  results  are  here  submitted  as  worthy  of  careful  study.          Ml 

1            Fruiu  Miehehitti.  — The  foUo^dng   table   of   exTx»ri.^H 

■       meuta  with  squai-e  and  circular  orifices,  by  Micbelotti,  we^B 

I       find  quoted  by  Neville.^     They  refer  to  a  very  carefully ^J 

■      made  set  of  experiments,   with  an  extensive   apparatus^B 

1       speciallj^  prepared^  near  Turin,  where  the  apjmratus  was^H 

■       supplied  with  the  waters  of  tlie  Doire  by  a  canal.                   ^i 

I            Tlie  table  is  given  by  NeviUe  in  French  measures,  but 

I       they  are  given  here  as  we  have  reduced  them  to  English 

1      measures. 

^^^                                          TABLE     No.                                                ^^H 

^^H               Coefficients  frok  Michelotti's  Experiments.            ^^H 

^^^^       Dbscmption,  ajcd  Si2b  op  QKincA, 
^^K                           IN  Fbbt. 

Depth  tifjon 

the  center  o4 

the  orifice 

in  feet. 

guajitlty 

dl9ch«xged  in 

cubic  Teet. 

Tune  of 

disclumin 
seconds. 

Resultinff       ^H 

eoefficieots      ^^ 

of  disch&rge*          1 

W^ 

'     7.05 

561.240 

(km 

^H 

H 

7-30 

685.762 

720 

^^M 

■         Square    orifice,   3.197^'  x  3.197" 

,     13.43 

625,652 

510 

^^M 

^^^B       ^  ,071  square  foot  section^. ,. 

12,59 

741.036 

600 

^M 

^^^H 

23,13 

50^.931 

300 

^H 

^m 

I  23-^4 

604,362 

360 

■ 

Sqaareorifice»2/i3i56"  k  2.13156'^ 
=  .0315  square  foot  section  .  - 

,     7.06 
■    12.17 
1    22,86 

399.266 
512.650 
466.500 

900 

.660      ^M 

•645^^^B 

Sq.    orifice,    1,06578"  x  1.06578" 
x=  .0079  square  foot  section. . 

1   7.20 

^  12.59 
22.90 

191,940 

T98, 300 
68  J.  500 

1800 
1440 
3600 

Circular  orifice,  3,197''  diameter 
—  .05577  square  fool  section.. 

7.13 
-    12,31 

1    23,03 

f'57'l3o    1 

691,200 

631,090 

900 

720 
4S0 

.6xi^^H 
.6tq^^^H 
.6ij^^^l 

Circular  orifice,  2.13156'  diam. 
=  0.2477  square  foot  section.. 

,      7.23 

■     n.71 

33.44 

591.610 

713.700  ; 

696.700 

iSoo 
1680 
1200 

,616      ^H 
^605  ^^M 

Circular  orifice,  1.06578"  diam. 
=  ,0062  square  foot  section-. , 

7.33 

'     ia.51 

234s 

299.449 
392.370 
538.158 

3600 
3600 
3600 

.620^^^H 

Circular  orifice,  6.37S''  diameter. 

6,92 
i     13.01 

.,.- 

,,.. 

•  Hjdmtilic  Tables,  hy  John  Neyillc^  C.£, ;  M.RLA.,  London^  1858*           ^H 
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From  Abbe  Bossut.— From  experiments  made  by  the 
Abb6  Bossut  we  have  the  following  results,  as  reduced  to 
measures: 


TABLE     No.    42. 
Coefficients  from  Bossut's  Experiments. 


Depth  of  the 

Discharge, 

DssciurnoN,  Position,  and  Swb  of  Orifice, 

centre  of 

in  cubic 

Resulting 

IN   INCHBS. 

the  orifice. 

feet  per 

coefficient. 

infect. 

minute. 

l-^teral  and  circular,  .53289''  diameter 

9.59 

1.096 

.613 

"      1.06578"        "        

959 

4-344 

.617 

.53289''        "        

4.273 

.723 

.616 

"      1.06578"        "        

4.273 

1.952 

.619 

"      1.06578"        "        

.0529 

.341 

.649 

t~^  orizontal  and  circular,  .53289"  diameter 

12.54 

1-255 

.614 

"      1.06578"        "        .   ... 

12.54 

5.040 

.617 

"      2.13156"        "        

12.54 

20201 

.618 

t  ^  orizontal  and  square,  1.06578"  x  1.06578" 

12.54 

6.417 

.617 

"        "        2.i3i56"x2.i3i56" 

12.54 

25.717 

.618 

i-ioriiontal  and  rectangular,  1.06578"  x  .26644". 

12.54 

1.593 

.613 

From  Rennie* — We  have  also,  from  experiments  of 
^Rennie  with  circular  and  square  orifices,  under  low  heads, 
^the  following : 


TABLE     No.    43. 
Coefficients  for  Circular  Orifices. 


tleads  at  the  centre 

of  the  orifice, 

in  feet 

iinch 
diameter. 

4  inch 
diameter. 

finch 
diameter. 

zinch 
diameter. 

1 
1 
Mean  Values. 

I 
2 

3 

4 

.671 

.653 
.660 
.662 

.634 
.621 
.636 
.626 

.644 
.652 
.632 
.6t4 

.633 
.619 
.628 

.584 

.645 
.636 
.639 
.621 

Means. 

.661 

.629 

.635 

.616 

1         .635 

200 
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Coefficients  for  Rectangular  Orifices. 


Heads  at  the 

centre  of  gravity, 

in  feet. 

X  inchxxinch. 

a  inches  wide 
xiinchhigh. 

li  inches  wide 
xliDchhigh. 

Bguilatend 
tr&ngleof 

base  down. 

Same  triangle, 
withbiaeti! 

I 
2 

3 
4 

.617 
.635 
.606 

.593 

.617 
.635 
.606 

.593 

.663 
.668 
.606 
.593 

•593 

.596 
.577 
.572 
-593 

Means, 

.613 

.613 

.632 

.593 

.585 

From  Castel. — In  1836,  M.  Castel,  the  accomplished 
hydraulic  engiDeer  of  the  city  of  Toulouse,  made  with  care 
certain  experiments  by  request  of  D' Aubuisson,  to  determine 
the  volume  of  water  dischaiged  through  apertures  in  thin 
partitions. 

He  placed  a  dam  of  thin  copper  plate  in  a  sluice  which 
was  2.428  feet  broad,  and  in  the  plate  opened  three  rectan- 
gular apertures,  each  3.94  inches  wide  and  2.36  inches  high. 
The  distance  between  the  orifices  was  3.15  inches.  The 
flow  took  place  under  constant  heads  of  4.213  inches  above 
the  centres  of  gravity  of  the  orifices,  with  contractions  as 
follows : 

/  Coefficient  for  the  middle .6198 

One  orifice  open.    }  "  "       right 6192 

I  "  "       left ^194 

f  Coefficient  for  the  two  outsides 6205 

Two  orifices  open.  •<  "  "       middle  and  right .6205 

<  "  "  "  "    left 6207 

Three  orifices  open,  coefficient  for  all 6230 

Subsequently,  he  experimented  with  two  orifices,  1.97 
inches  wide  and  1.18  inches  high,  with  results  as  follows : 


Head. 


No.  of  orifices  open. 


3  379  • 
6.693. 


Coefficient 


.621 
.622 
.619 
.621 
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W  hen  more  than  one  a j>ertiire  was  open  in  these  exper- 
iments of  Caste!,  the  volume  of  water  discharged  induced 
considerable  velocity  in  each  of  the  supplying  sluices. 
This  actually  increased  the  ^ective  liead.  Its  effect  is  here 
recorded  in  the  coefficient  instead  of  in  the  head,  conse- 
quently an  increased  coefficient  is  given. 

In  such  cases  the  real  head  is  the  observed  head  in- 
creased by  the  head  due  to  the  velocity  of  approach  = 

yt 


I 


B  + 


64.4 


From  Lesiiiiiasse, — From  among  experiments  on  a 
larger  scale,  the  following  by  Lespinasse,  with  a  sluice  of 
the  canal  of  Languedocj  are  of  interest : 

TABLE     No.    44. 
Coefficients  Obtained  by  Lespinasse. 


Ofkmikgs. 

Hkao  om  thr 
CumtB. 

DfSCHAIMJS  IK 

Ons  Sscom). 

CoEFneiK«T. 

fmmm. 

H«i«hL 

Aft». 

F00t, 

FmL 

Sq,ff*L 

FtH, 

Cuftic  /ett. 

4.265 

1.805 

IIM 

14554 

145.29a 

.613 

*4 

t.640 

6.992 

6.631 

92635 

.641 

If 

1.640 

6.992 

6.247 

88.221 

.629 

H 

1*509 

6466 

12.878 

138937 

.641 

*t 

»*575 

6.723 

13.586 

129.764 

.647 

•• 

1.575 

6.723 

6394 

83.948 

.616 

U 

1575 

6.723 

6.217 

79.B57 

•594 

it 

1.575 

6.717 

6480 

85.219 

.631 

From  Gen.  EIIIh.— Gen*  Theo,  G*  Ellis  lias  reported 
in  a  paper*  presented  to  the  American  Society  of  Civil 
EriLrineen?,  the  results  of  some  experiments  very  can-^fiilly 
conducted  by  him  at  the  Holyoke  testing  Hume  in  the  sum- 
mer  of  1874. 


*  Djrdnolic  EjEperimentii  with  Lai^  Apt^rturea    Jour.  Am.  Soc.  CIt.  Eng., 
ma.  VoJ.  V,  p.  19. 


202  FLOW    OP    WATER   THROUGH   ORIFICEa 

The  coefficients  for  the  minimum,  mean,  and  maximum 
velocities  are  given  to  indicate  generally  the  range,  and  the 
results  obtained  by  Gen.  Ellis. 

The  volume  of  water  discharged  was  determined  by 
weir  measurement,  and  computed  by  Mr.  James  B.  Fran- 
cis' formula. 

The  edges  of  the  orifices  were  plated  with  iron  about 
one-half  inch  thick,  jointed  square. 

Vertical  Aperture,  2  ft  x  2  ft 

Minimum  head,   2061  feet.      Coefficient,  .60871  "j  Centre  of  apenure,  1.90  feet 
Mean  **       3037    "  "  '59676  >  above  top  of  weir. 

Maximum    "       3.538    "  **  .60325  )  Temp,  of  water,  73"  Fah. 

Vertical  Aperture,  2  ft  horizontal  x  i  ft.  vertical. 

Minimum  head,   1.7962  feet.    Coefficient,   .59748  )  Centre  of  aperture,  240  feet 
Mean  **        5.7000    "  "  '59672  >■  above  top  of  weir. 

Maximum    **      11.3150    "  "  .60572  )  Temp,  of  water,  76"  Fah. 

Vertical  Aperture,  2  feet  horizontal  x  .5  feet  vertical. 

Minimum  head,    1.4220  feet.    Coefficient,  .61165  1  Centre  of  aperture,  2.15  feet 
Mean  *'        8.5395     **  "  .60686  >■  above  top  of  weir. 

Maximum    "      16.9657    "  '*  .60003  )  Temp,  of  water,  76°  Fah. 

Vertical  Aperture,  i  ft  x  i  ft 

Minimum  head,   14796  feet.    Coefficient,  .58230  \ 
Mean  "        9.8038     •*  "  .59612  > 

Maximum    "      17.5647    "  "  59687  ) 

Horizontal  Aperture,  i  ft  x  i  f t  and  Slightly  Submerged 

Issue, 
Minimum  head,  2.3234  feet.    Coefficient,   .59871 ) 

Mean  "       8.0926    •'  -  ^oOoi  t  ^°P  ^•"^="='  ''^  °"'~ -^^^ 

Maximum    "      .8.4746    "  "  .605.7)      f'^' ^^°^^  ^^' ^^  ^^i'- 

Horizontal  Aperture  (in  plank)  with  Curved  Entrance  and 

Slightly  Submerged  Issue. 
Minimum  head,    3.0416  feet.    Coefficient,  .95118  ) 

Mean  "      .0.5398    "  "  ^^  J  Issue  about  level  with  crest 

Maximum    "     i8.ai8o    "  "  .94364)      *>^'^''- 
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Tlie  range,  and  results  generally,  of  Gen.  Ellis'  experi- 
mouts  witli  circular  vertical  orifices,  are  indicati^d  by  the 
following  extracts  from  his  extended  tables : 


TABLE     No.     43. 
FFICIENTS   FOR  CIRCULAR   ORIFICES,   OBTAINED   BY  GeN.    ElLIS. 


f              DtAMrmts, 

Hkau. 

CoEFFiamirra. 

2  feet. 

1.7677  feet 
5.8269     " 
9.6381     " 

.58829 

,60915 
.61530 

^M       T  foot 

■    !' 

I.I 470  feet 
10,8819     '' 

'57373 
•59431 

^^H 

17,7400     " 

-59994 

^P      .5  fooL 

■                 It      it 

2,1516  feet 
9,0600    ** 

.60025 
.60191 

1                  ii      «« 

17.2650    " 

.59626 

212,  Coefficients  I>ia«;rv*:iiii>ii<^cl- — The  coefficients,  as 

(lerelofKHl  by  the  several  exi>eriiiieriters,  seem  at  first  glance 
to  be  very  fitful,  anil  without  doubt  the  apparatus  used 
raried  in  character  as  nuicli  as  the  results  obtained 

To  arrange  all  the  series  of  coefficients  that  appeai'ed  to 
have  been  obtaint*d  by  a  i-^^liable  method,  in  a  systematic 
manner,  we  have  plotted  all  to  a  scale,  taking  the  heads 
for  abscisses  and  tiie  corflTieients  for  ordinates.  1lie  curves 
thus  developed  were  bmught  into  tlieir  proper  n*lations, 
ride  by  side,  or  interlacing  each  other. 

Tlien  we  were  able  to  plot  in  the  midst  of  those  curves 
the  general  curv^es  due  to  each  class  of  orifice  under  the 
several  heads,  and  tlios*^  appan  ntly  due  to  the  law  govern- 
ing the  flow  of  water  tlirough  submerged  orifices. 

Prom  these  curves  we  have  prepared  tables  of  coefficients 
for  various  rectangular  orifices,  with  greatest  dimension, 


both  horizontal  and  vertical,  with  ratios  of  sides  varj 
Tnyin  OJ25  to  1,  to  4  to  1,  and  for  heads  varying  froi 
0,2  feet  to  50  feet 

All  of  the  corvee  increase  from  that  for  very  low  bea 
mjiidly  as  tlie  liead  increases,  until  a  maxima  is  reached 
ami  then   decreuBe  grjidually  until  a  minima  is  reached,^ 
and  then  again  increase  very    gradually,  the    head    in-_ 
creasing  all  the  time.    This  increase,  and  decrease,  anc 
increase  again  of  the  coefficients,  arranges  them,  when  thi 
plotted,  into  two  curves  of  opposite  flexure,  and  with  al 
tlie  curves  tending  to  pass  through  one  intermediate  point. 

2i;i.   EfFert  of  Varying  the  Head,  or  the  Proper* 
tiotiH  of  the  Orillire.— The  effect  of  incn^asing  ordecr€*as 
ing  the  head  uinm  a  given  orifice  is  clearly  shown  by  th^ 
sevei'al  columns  of  coefficients  in  Tables  40  and  47. 

Tlie  eff'ect  of  incivasing  or  decreasing  the  ratio  of  the 
base  to  the  altitude  of  an  orifice  wiU  be  manifest  by  tracing 
the  lines  of  coefficients  horizontally  through  the  two  tables, 
for  any  given  liead. 

These  effects  should  be  duly  considered  when  a  coef- 
ficient is  to  bi3  selected  from  the  table  for  a  special  appli- 
cation. 

The  coefficients  apply  strictly  to  orifices  with  sharp, 
eqnare  edges,  and  with  lull  contraction  upon  all  sides.  Tlie 
heads  refer  to  tlie  full  head  of  the  water  surface,  and  not  to 
the  depressed  surface  over  or  just  in  front  of  an  orifice  when 
the  head  is  small. 

A  very  slight  rounding  of  the  edge  would  increase  the 
coefficient  materially,  as  wotUd  the  suppression  of  the  con^ 
traction  upon  a  portion  of  its  border  by  interference  with 
the  curve  of  approach  of  the  particles. 
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TABLE     No.    46. 

Coefficients  for  Rectangular  Orifices. 

In  thin  vertical  partition,  with  greatest  dimension  vertical. 


Brbadt>i 

AKD  HbIGHT  op  OrXFICB. 

Haul  upon 
centre  of  orifice. 

4feetUeb, 
i  foot  w?de. 

3  feet  high, 
X  foot  wide. 

lifeethiffh, 
X  foot  wide. 

X  foot  high, 
X  foot  wide. 

F*tt. 

CttffSeitmt. 

G)i,ficufU. 

Coefficient, 

Coefficient. 

.6 

•    .   •   • 

.... 

.5984 

•7 

... 

•  •  •  • 

... 

•5994 

.8 

•  .  • 

•  •  .  • 

.6130 

.6000 

•9 

•  •  • 

•  •  .  • 

.6134 

.6006 

I 

.  .  •  . 

.6135 

.6010 

1.25 

>  •  •  • 

.6188 

.6140 

.6018 

1.50 

... 

.6187 

.6144 

.6026 

1-75 

. . . . 

.6186 

.6145 

•6033 

2 

.  .  .  . 

.6183 

.6144 

.6036 

2.25 

. . . . 

.6180 

.6143 

.6039 

«-5 

.6290 

.6176 

.6139 

.6043 

2-75 

.6280 

.6173 

.6136 

.6046 

3 

.6273 

.6170 

.6132 

.6048 

3-5 

.6250 

.6160 

.6123 

.6050 

4 

.6245 

.6150 

.6110 

.6047 

4-5 

.6226 

.6138 

.6100 

.6044 

5 

.6208 

.6124 

.6088 

.6038 

6 

.6158 

.6094 

.6063 

.6020 

7 

.6124 

.6064 

.6038 

.6011 

8 

.6090 

.6036 

.6022 

.6010 

9 

.6060 

.6020 

.6014 

.6010 

10 

•6035 

.6015 

.6010 

.6010 

»5 

.6040 

.6018 

.6010 

.6011 

20 

.6045 

.6024 

.6012 

.6012 

»5 

.6048 

.6028 

.6014 

.6012 

30 

.6054 

.6034 

.6017 

.6013 

35 

.6060 

.6039 

.6021 

.6014 

40 

.6066 

.6045 

.6025 

.6015 

45 

.6054 

.6052 

.6029 

.6016 

50 

.6086 

•6060 

.6034 

.6018 
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TABLE     No.    47. 

Coefficients  for  Rectangular  Orifices. 

In  thin  vertical  partition,  with  greatest  dimension  horizontal. 


BSBADTH  AND  HbICHT  OF  OfUFICR. 


Head  upon 
centre  of  orifice. 

v/oS^sa?' 

n^?» 

Tg>S^^'cSf'^ 

0.1S5  feet  high, 
z  foot  widel 

F*€t. 

Co^jffUutU, 

Coffficitni. 

Coefficitnt, 

Coefficient, 

0.2 

•  •  •  • 

■  •  .  • 

.... 

•6333 

•3 

.... 

.... 

.6293 

•6334 

•4 

.  •  ■  • 

.6140 

.6306 

.6334* 

•5 

.6050 

.6150 

'(>Z^Z 

•6333 

.6 

.6063 

.6156 

•6317 

•6332 

•7 

.6074 

.6162 

.6319 

.6328 

.8 

.6082 

.6165 

.6322 

.6326 

•9 

.6086 

.6168 

.6323* 

.6324 

I 

.6090 

.6172 

.6320 

.6320 

1-25 

.6095 

.6173* 

•6317 

.6312- 

1.50 

.6100 

.6172 

•6313 

•6303 

1-75 

.6103 

.6168 

.6307 

.6296 

2 

.6104* 

.6166 

.6302 

.6291 

2.25 

.6103 

.6163 

.6293 

.6286 

2.50 

.6102 

.6157 

.6282 

.6278 

2.75 

.6101 

•6155 

.6274 

.6273 

3 

.6100 

•6153 

.6267 

.6267 

3.50 

.6094 

.6146 

.6254 

.6254 

4 

.6085 

.6136 

.6236 

.6236 

4.50 

.6074 

.6125 

.6222 

.6222 

5 

.6063 

.6114 

.6202 

.6202 

6 

.6044 

.6087 

.6154 

.6154 

7 

.6032 

.6058 

.6110 

.6114 

8 

.6022 

•6033 

.6073 

.6087 

9 

.6015 

.6020 

.6045 

.6070 

10 

.6010 

.6010 

.6030 

.6060 

15 

.6012 

.6013 

•6033 

.6066 

20 

.6014 

.6018 

.6036 

.6074 

25 

.6016 

.6022 

.6040 

.6083 

30 

.6018 

.6027 

.6044 

.6092 

35 

.6022 

.6032 

.6049 

.6103 

40 

.6026 

.6037 

•6055 

.6114 

45 

.6030 

.6043 

.6062 

.6125 

SO 

.6035 

.6050 

.6070 

.6140 

•-il4.  Peculiarities  of  Efflux  from  an  Orifiee. — 
In  Fig.  22,  coDtuiiutig  a  Uori/xmUil  urilice,  the  horizoutal 
lime  cutting  a  has  an  altitude  above  the  orifice  equal  to  3*5 
flia meters,  and  the  horizontal  line  cutting  e  equal  to  10 
diameteiB  of  the  orifice.    As  the  altitude  of  the  water  sur- 
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abore  a  square  orifice  increases  from  very  low  heads  to 

'  ^«t^  level  a,  the  particles  continually  find  new  advantage  or 

^^  hintlrance  in  their  tendeuiy  to  flow  out  of  tlie  orifice, 

Wi^ibly  by  decrease  of  the  vortex  effect  aceonipauymg 

^^iMT  low  heads  over  orifices  nearly  square ;  afterwards  the 

distance  increases  up  to  the  altitude  e^  possibly  by  more 

*'ffective  reaction  from  tlie  inner  edges  of  the  orifice,  m, 

UQtil  gnivit}^  is  enabled  to  gather  the  jet  well  into  a  body 

and  eiatxiblish  firmly  its  path.     For  altitudes  greater  than 

tPii  diameters  the  coefficients  for  square  orifices  remain 

nf^rly  constant 
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Similar  effects  ai'e  observed  when  the  orifices  are  rectan- 
gles,  other  than  squares,  though  their  first  change  occuk  at 
different  depths. 

These  phenomena  are  not  fully  accounted  for  by  ex- 
periment. 

215*  3Iean  Velocity  of  the  iBsuiiig  Particle* - 
We  have  heretofore  assumed  in  our  theoretic  equatioas, 
that  all  the  particles  of  water  bcdefg^  Pig*  22,  will  arrive 
at  the  point  of  greatest  contraction  of  the  issuing  jet^  with  a 
velocity  equal  to  that  whicli  a  solid  body  would  have  ac- 
quired by  falling  freely  from  e  to  o,  which,  according  to  the^ 
the  theorem  of  Toricelli,  and  it^  demonstrations  fi*equentlyfl 
repeated  by  other  eminent  philosophers,  would  be  equal  to 
V^jIL    H  being  equal  to  tlie  height  e  o. 

The  experiments  of  Mariotte,  Bossut,  Michelotti,  Ponce- 
let,  Pousseile,  and  others,  covering  a  large  range  of  areas  of 
orifice,  and  of  head,  show  that  tliis  is  very  nearly  correct;    | 
and  the  velocity  of  issue  of  the  axial  particles  has  in  some 
of  the  experiments  appeared  to  slightly  exceed  the  value 
V2tjH.     An  average  of  exj^eriments  gives  the  mean  veloci^ 
of  the  particles  as  a  wliole  through  the  minimum  section 
.974  V2^. 

Their  dynamic  efff'ct  if  applied  to  work  should  ha 
.974  V^i/H  instead  of  V^2(/-ff  as  the  factor  of  velocity. 

ai6.  Coeffleieiits  of  Velocity  and  Ctmtraetion.— 
We  have  tlieii,  .974  for  mean  coefficient  of  velocity^  indi- 
cating a  loss  of  .026  per  cent  of  theoretic  volume  or  di 
charge  by  reduction  of  velocity ;  *637  for  mean  coefficieul 
of  con  tract  i  07?,  indicating  a  loss  of  36.3  percent,  of  theoreti 
volume  by  contraction  ;  and  ,62  ni^arly  for  mean  coefRcient  o! 
discharge^  including  all  losses,  a  total  of  nbout  88  per  cent* 
The  coefBcient  of  velocity  we  will  designate  by  c»,  and 
the  coefBcient  of  contraction  by  c^. 
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Then  c.  y.  c,  —  c  —  coefficient  of  discharge  or  volume. 

317.  Velocity  of  l*sirticIeH  DepeiidcMit  iiiiou  tlieir 
ilugiil«^i'  PoHitioii. — Bayer  assuiuixl  tiie  liypothesis  that, 
the  velocities  of  the  particles  approaching  the  orifice  from 
all  sides  are  ixiveraely  as  the  squares  of  their  distances  from 
its  centre,  but  this  should  undoubtedly  be  applied  only  to 
particles  in  some  given  angular  position. 

Gravity  will  not  act  with  equal  force  in  the  direction  of 
the  orifice,  upon  each  of  the  pai-ticles  e,t\  g,  and  A,  Fig.  22, 
though  they  are  all  equally  distant  from  o,  but  more  nearly 
in  the  ratios  of  the  cosines  of  the  angles  eoe,  eof^  eog,  ei/^^,^ 
and  it  is  not  probable  that  the  particle  h  will  acquire  a 
velocity  at  its  maximum  through  the  conti-action,  quite 
equal  to  that  which  e  will  acquire.  If  the  velocity  of  e  is 
assumed  equal  to  unity,  and  the  mean  velocity  of  all  the 
particles  equal  to  .974,  then,  according  to  the  hypothesis  of 
the  angular  disfcinee,  the  mean  velocity  will  be  tliat  due  to 
particles  having  their  cosines  equal  to  .074j  or  an  angular 
distance  of  13",  as  at  h  and/; 

2t8.  Equation  of  Voliiiiie  of  Effliix  from  a  Siib- 
morgecl  Orillce.— Neville  suggests  a  formula*  for  the 
disi^harge  of  wati^r  from  rectangular  oritices,  more  tlieoreli- 
cally  exact  than  the  above  siinph^  formulas,  as  follows  : 


D  =  c  ^/2g?i  X  i  ^  ^^- 


dU 


k^) 


D  =  volume  of  disi^harge, 

A  =  ai*ea  c»f  onfice, 

h  =  head  upon  the  centre  of  the  orifice, 

d  =  depth  of  tlie  orifice,  or  distance  between  its 

bottom  and  top, 
c  =  coefficient  of  discharge. 

•  Tlilrcl  E(IHion  of  Hydmulio  Tables,  ptge  4a    Londoti,  1875.    Also  vid§ 
aoalloti  ^,  pitf?e  28^i  nnte^ 


This  formula  can  be  advantageously  applied  when 
orilice  is  large  and  but  slightly  submerged,  as  is  frequentM 
the  case  with  sluice  gates  couti'oUing  the  flow  of  water  fro 
storage  reserv^oirs  or  canals  into  flumes  leading  to  wa 
wheels,  or  with  head-gates  of  races  or  canals. 

Good  judgment  must,  however,  be  exercised  in  each 
in  the  selection  of  the  coefficient  of  velocity  (c,)  and  tht 
efficient  of  contraction  (c^),  the  factors  of  c,  especially  tbe 
coefficient  of  contraction  (§  216),  which  is  usually  much  the 
most  iutluential  of  the  two.  (Tide  §370,  p.  SOCK )  M 

219,  Eff'eet  of  Otttlhio  of  SjTiimetrical  OrillcriP 
upon  Efflux.^ According  to  the  various  series  of  exiH?^ 
ments,  the  coefficient  for  a  circular  orifice  under  any  giv^ 
head  is  substantially  the  same  as  for  a  squai'e  orifice  under 
the  same  head,  and  it  is  probable  that  the  coefficients 
elliptical  orifices  is  substantially  the  same  as  that  for  th 
circumscribing  nxjtangles. 

230.  Variable  Value  of  Coeflicieuts.— Tlie  coeffi- 
cients obtained  by  careful  experiment  and  recorded  aboiH 
as  also  tables  of  coefficients,  indicate  unmistakably  that  the 
value  of  c  in  the  equation 

Q^cS  V2gE 


1 


! 


is  a  variable  quantity,  and  that  a  general  mean  coefficien 
cannot  bi^  used  universally  w^hen  close  approximate  i^esults 
are  desired,  but  that,  for  a  particular  case,  reference  should 
always  be  made  to  a  coefficient  obtained  under  conditio 
similar  to  that  of  the  case  in  question. 

221,  Assuinod  Mean   Volume  of  Efflux* — ^In  oi 
nary  apprframate  calculations,  and  in  general  discussi' 
of  formulas  for  square^  and  circular  orifices,  whether  the 
issues  horizontailly  or  vertically,  it  is  customary  to  as??ume 
0.62  as  the  ratio  of  the  actual  to  the  theoretical  volume 
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ii»c*lmige-     This  makes  the  equation  for  ordinary  calcii- 

Q  =  mS  )f%gH,  ox  Q^  .62SF.  (6) 

The  expression  for  eflect  of  acceleration  of  gravity  (8/7) 
^ing  a  constant  quantity,  may  be  combined  with  the  co- 
efficient, when  (.62  ^%g  =  4,9725)  we  have  the  equation 

Q  =  4  9725S  4/^  or  approximately,  q  ^  B.Sf^.        (6) 

Q  'being  the  discharge  in  cubic  feet  in  one  second,  it  will  be 
^^Itiplied  by  00  ta  determine  the  discliarge  in  one  minute, 
^nd  by  3600  to  determine  the  discharge  in  one  liour. 

222.  Cireular,  and  atlior  ForiiiH  of  Jets* — A  cir- 
^^'^^Jar  aperture,  with  full  contmction,  gives  a  jet  always 
cxix*i^lar  in  section,  until  it  is  broken  up  into  globules  by 
tUfL»  effects  of  the  varying  velocities  of  its  molecules  and  the 
*^^^ J  stance  of  the  air.  Tlirough  the  vefid  coTdractd  its  form 
^®  tliat  of  a  truncated  conoid, 

Polygonal  and  rectangular  orifices  give  jets  that  continu- 
^'^"  changi*  their  sectional  forms  as  tJiey  advance, 

Fig.  22a,  from  D'Aubuisson's  Treatise  un  Ilydraulics, 
^^tts^trates   the   transformations  of 
*^tTiis  of  a  jet  from  a  square  orifice, 
^O^;,    The  jet  is  square  at  the 
^^ttauce  to  the  aperture,  assumes 
"*^  form  hcdefgJia  a  short  distance 
^^  frtwit  of  it,  and  the  fomi  aee'g  a 
*l^ort  distance  further  on,  and  con- 
^^Unes  to  assume  new  forms  101  til 
it«  solidity  is  destroyed.     Sjnnmetrieal  orifices,  withfuit  re- 
^*iJtrant  angles,  give  symmetrical  jets  that  assume  symmet- 
rifal,  varying  six^tions. 

Star-sliaped  and  irregular  orifices,  upon  close  observa- 
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tion,  are  fonnd  to  give  very  complex  forms  of  jets.     Theil 
coefficients  of  efflux  have  not  been  fully  developed  by  ex^ 
periment.  B 

333.  Cyllndrieal  and  Divergent  Orifices,— In  Fig, 
23  and  Fig.  24  showing  cylindrical  and  divergent  orifices, 
if  the  diameters,  is^  of  the  orilices,  are  greater  than  the 


Fia.  23. 


Fio.  24 


Fra25. 


Fto.M, 


^  ^ 


thickness  of  tiie  ptirtitions,  the  coefficients  of  discliarge  will 
remain  the  same  as  in  tliin  plate.  In  such  cases  the  jets 
will  pass  through  tlie  orifices  without  toucliing  them,  ex- 
cept at  the  edges,  is,     Sucli  orifices  are  also  termed  tldn* 

334.  Converging:  Orifices.— In  Fig.  25  and  Fig,  26, 
showing  converging  orifices  in  thin  partitions,  if  the  diam- 
eters, is^  are  taken,  the  coefficients  will  be  reduced  to  ,58,  or 
a  little  less;  but  if  the  diameters,  ot^  are  taken,  the  co- 
efficients will  be  increased  nearly  to  .90,  and  will  be  great 
for  any  given  velocity,  in  proportion  as  the  forms  of  th^ 
orifices  approac:li  to  tlie  form  of  the  perfect  nend  contraci 
for  tliat  velocity. 

When  the  converging  sides  of  the  orifice  in  Fig.  25,  pro- 
longed, include  an  angle  of  IC"",  the  coefficient  should  be 
about  .03,  and  when  in  Pig.  26  the  sides  of  tlie  orifice  are  in 
the  form  of  the  oetm  contractd^  the  coefficient  should 
about  .95. 
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CHAPTER  Xn.      ^^^^M 

now  OF  WATER  THROUGH  SHORT  TUBES.  ^^ 

525*  An  Ajutage,— If  a  cylindrical  orifice  bin  a  parti- 

whoee  thickness  is  equal  to  two-and-one-half  or  tbi^e 

the  diameter  of  the  orifice ;  or  if  the  orifice  is  a  tube 

length  eqoal  to  from  two  and  one-half  to  three  interior 

■^^^meters,  then  the  orifice  is  termed  a  short  tube^  ot  ajutage, 

le  sides  of  short  tubes  may  be  parallel,  div&rgent,  or  am- 

220.  Increase  of  Coefficient. — There  is  an  influence 

^^ecting  the  flow  of  water  through  short  cylindrical  tubes, 

*^%.  28,  suflicient  to  increase  the  coefficient  materially,  that 

f^r>es  not  apfN^ar  when  the  flow  is  through  thin  partition. 

^^he  contraction  of  the  jet  still  occurs  as  in  the  flow  through 

tliin  partition.  y>ut  after  the  direction  of  the  partick^s  has 

^jec^ome  jjarallel  in  the  terwb  eontracia^  a  forc€  acting  from 

t.lie  axis  of  the  jet  outward,  together  with  the  reaction  from 

%ho  exterior  air,  begins  to  dilate  the  section  of  the  jet  and 

I  to  fill  tlie  tube  again.  Tlie  tube  is  in  consequence  again 
filled  at  a  distance,  depending  upon  the  ratio  of  the  velocity 
to  the  diameter,  of  about  two  and  one-half  diameters  from 
the  inner  edge  of  the  orifice.  The  axial  particles  of  the  jet, 
not  receiTing  so  great  a  proportion  of  the  reaction  from  the 
edg^  of  the  orifice  as  the  exterior  particles,  obtain  a  greater 
▼eloeity.  A  iK)rtion  of  their  forc^  is  tmnsmitted  to  their 
y  Borrounding  films  through  divergent  lines,  and  the  velocity 
I  of  the  exteri<ir  particles  witliin  the  tube  is  augmented,  and 
the  section  of  the  jet  is  also  augmented,  until  its  circumfer- 


"a 


ence  touches  the  txibe.    At  the  same  time,  the  transniisSS 
of  force  from  the  axis  toward  the  circumfei-ence  tends 
equalize  the  velocity  of  the  particles  throughout  the  sectioi::^ 
aod  to  materially  reduce  their  mean  velocity,  and  coose^ 
qiieiitly  the  coefficient  uf  velocitj%  c\. 

'427,  Ajutage  Vacuum    auil  its   Ett'ect.  — Tmmc 
ately  upon  the  issue  of  the  jet,  beyond  the  contraction, 
velocity  of  the  particles  tends  to  impel  forward  the  impris- 
oned air,  and  as  soon  as  the  tube  fills  to  cause  a  vacuum* 
about  the  contraction.     The  full  force  of  gi-avity  is  here  acfeH 
ing  upoD  tlie  jet  in  the  foiTn  of  velocity  ;  the  jet  is  therefor^ 
without  pressure  in  a  transverse  direction. 

As  soon  as  the  exterior  of  the  jet  is  relieved  from  the 
pressure  of  the  atmosphere  about  the  contraction,  its  par- 
ticles are  deflected  to  parallelism  with  less  force  and  in  a 
sliorter  distance  from  the  entmncf  to  the  aperture,  and  tl 
contraction  is  consequently  lessened ;  also  the  pressure  * 
the  atmosi^here  upon  the  reservoir  surface  tends  to  augmei 
the  velocity  of  entry  of  the  particles  into  the  ai>erture 
toward  the  vacuum,  and  atmospheric  pressure  equally 
resists  tlie  issue  of  the  jet,  the  combined  effect  resulting  ia 
the"ex:|)ansion  of  the  jet.  ■ 

228.  Increased  Volume  of  Efflux.  — If  the  cylin- 
drical tube  terminates  at  the  point  where  the  moving  par* 
tides  reach  the  circumference  and  fill  the  tube,  and 
before  the  reaction  fnmi  the  rovghness  of.  the  interior  of 
the  tube  has  begun  sensibly  to  counteract  the  accelerating 
force  of  gravity,  the  capacity  of  discliarge  is  then  found 
be  increased  about  twenty-five  per  cent.^  and  the  mean  cc 
efficient  becomes  *816  approximately^  or  if  the  tube  project 


Ik 
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*  If  tbe  inside  of  a  smooth  diTer^mt  tube  \%  ^reaeed,  90  an  to  repel  the  pM^ 
tldea  of  wjiter  and  prevent  contact,  the  viiciiuiii  cannot  take  pUoe. 
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into  the  peserroir,  .72,  instead  of  .62,  as  in  the  orifice  in  tliin 
plate.  We  bare  now  for  tlie  volume  of  water  discharged, 
in  cubic  feet  per  second, 


Q  =  .815  8V'2gH,  ovQ^  .815 SF,  or  Q  =  6,64  8  VH.      (1) 

If  the  section  of  the  tube  is  expressed  in  terms  of  the 
diameter,  in  feet  or  fractional  parts  of  feet^  then  since  8  — 
•TS64(2',  the  equation  will  become 


Q  =  &M\.1Q5W)  ifH=^  5.137</*  VH. 


(2) 


229.  Imperfect   Vacimnir  — K  the  tube  is  of  less 

^*Agth  tlian  above  indicated,   so  that  the  vacuum  is  not 

*rtt?ct,  the  conditions  of  flow  and  the  coefficient  will  l>e 

siUjilar  to  that  through  tliin  plate ;  and  if  the  tube  is  lengtli- 

1  *^Ue^^  the  flow  will  be  reduced  by  reaction  from  the  interior 

^^  the  tube,  in  winch  case  the  tube  will  be  termed  a  pipe. 


Fm.  28. 


Fio   29. 


I 

—J 


!30.  Diverg:eiit  Tube, — Whim  a  short  rllmrfjfent  tuhe^ 
Pig'.  29,  is  attached  l>y  its  smaller  base  to  the  inside  of  a 
jJam*  partition,  the  phenomena  of  discharge  will  be  similar 
Ui  lliat  through  an  orifice  in  thin  plate,  unless  a  vacuum 

II  be  eiitablitflted  about  its  contraction,  as  in  the  case  of 
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Lin- 

be, 

atex 


short  cylindrical  tubes.    This  can  only  occur  when  tb^, 
divergence  is  slight,  or  the  velocity  great. 

For  ordinary  cases,  the  mean  coeflBcient  of  disci 
through  square-edged  divergent  tubes  may  be  taken  as  ,62^ 
but  it  is  subject  to  considerable  variation  in  tubes  of  small 
divergence,  as  the  divergences,  the  ratio  of  length  to  diam-  \ 
eter,  and  the  velocity  of  flow  or  head  varies. 

When  a  vacuum  takes  place  in  a  divergent  tube,  the 
disc  barge  exceeds  that  from  a  cylindrical  tube  with  diam- 
eter equal  to  the  smaller  diameter  of  the  divergent  tube, 
and  the  coefficient  of  volume  may  then  even  become  greater^ 
than  unity. 

331.  Coiivergent  Tol>e.— Wlien  a  shorty  converge 
tube  J  Fig,  30,  is  attached  b}^  its  larger  base  to  the  inside  of 
a  i>lane  partition,  and  its  coeiRcieut  of  How  with  a  perfect 
vacuum  is  determined  for  its  diameter  of  entmnce,  as  above 
in  the  cases  of  thin  plate,  cy  liodrical  and  divergent  tubes^ 
then  the  coefficient  of  volume  will  be  found  to  decrease  as 
the  angle  of  convergence  increases. 

Contraction  will  take  place  as  in  thin  plate,  until  th^ 
angle  of  convergence,  that  is,  the  included  angle  between 
the  sides  produced,  exceeds  13°,  and  a  vacuum  will  also  be 
produced ;  but  the  exterior  of  the  jet  will  reach  the  inner 
circumference  and  fill  the  tube  at  a  shorter  distance  from 
the  point  of  least  contraction,  a^  the  angle  increases,  and^ 
the  augmenting  effi?ct  of  the  vacuum  will  be  re^duced.  | 

232.  Additional  Coii  tract  ion, — There  is  always  an 
additional  contraction  just  after  the  exit  of  the  jet  from 
convergent  tubes. 

I'he  coefficient  of  discharge  will  remain  in  excess  of  the 
coefficient  for  thin  plate  until  the  second  contraction  equals 
that  in  thin  plate,  after  which  the  coefficient  will 
than  for  thin  plate. 
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Coefflcients  of  Convergent  Tubes, — In  the 
bowing  table  are  given  the  coefficients  of  discharge  for 
L  larger  and  tlie  smaller  diameters,  also  of  the  velocity^ 
■itoreral  angles  of  convergence.  The  table  is  based  upon 
^ml  experiments  by  Cast^L  The  length  of  the  tube  waa 
Hbumeters^  and  the  smaller  diameter  and  length  of  tube 
imamed  constant 


TABLE     No.    48. 

Castel*s  Experiments  with  Convergent  Tubes. 

Smallest  diameter  =  -05085  feet. 


■».w«.. 

Larger  dismeter. 

Sauller  d'lMeter. 

Velixrity. 

k 

C0*ffici*nu 

Ctn^cUnt 

Cot£IUUHt, 

■i  0' 

O.S29 

0.829 

0.830 

'    T"  36' 

.809 

•  866 

.866 

3:  ">; 

.786 

.895 

.894 

<  " 

•771 

•  912 

.910 

s!  »<■ 

.747 

.924 

*920 

'!  52 

♦691 

*929 

-931 

8°    58' 

.671 

•934 

-942 

»©'    ao' 

,647 

^^2;^ 

•950 

^■0"     4 

.611 

.942 

1            -955 

^B°    24' 

•597 

,946 

,9t»2 

^B*   tV 

*577 

,941 

.966 

^B°  36' 

•545 

•938 

*97i 

^Bp" 

.501 

.924 

.970 

^B^ 

.4S0 

.918 

.971 

^K" 

.457 

•  9*3 

-974 

'     '9*    58' 

*39o 

.896 

■975 

L_io*    so' 

319 

.869 

.980 

Mr  50' 

,276 

.847 

.984 

te  coefflcients  for  the  larger  diameter  have  been  eom- 
from  the  remaining  data  of  the  table  for  insertion 
4.  Increase   and   Decrease   of  Coeffieient   of 
ler  Diameter. —When  the  coefficient  of  volume  is 
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determined  for  tlie  smaller  diameter,  or  issue  of  a  sboi 
convergent  tube,  the  coefficient  is  fomid  to  increase  fr 
that  for  cylindrical  tnbes  at  angle  0°  to  an  angle  of  aboi 
13'  30,  when,   nnder  the  conditions  ui>on  which  Castel's 
table  was  based,  it  has  increased  from  .83  to  .96.    Afte] 
waMs,  the  coefficient  gi-adually  reduces,  until  at  180 
becomes  .62,  as  in  thin  jilate. 

235.  Coettieleiit  of  Final  Veloeitj.— The  coefflcie] 
of  final  velocity  of  issue  gradually  increases  as  the  angle  of 
convergence  increases^  until  it  rises  from  .83*  at  angle  0''  to 
nearly  unity  at  angle  180  ;  but  that,  for  angles  less  thai 


13"*,  is  not  the  true  coefficient 


Fro    31. 


H 


f 


E 


velocity,  since  it  refers  to  the  ti 
locity  of  issue  at  the  end  of  the 
tube,  instead  of  in  the  contrac- 
tion. 

aSG.    Inward    Projeetini 
i^Vjiitage.— When  an  orifice, 
the  entrance  of  a  short  tube, 
pmjected  into  the  interior  of 
reyervoii",  as  in  Fig.  31,  the  angl( 
of  approach  of  the  particles 
comes  greater  than  when  the  orifice  is  in  plane  partition^ 
and  the  contractiou  becomes  still  mun^  marked.    Bonl 
when  experimenting  with  such  a  tube,  in  wMch  the  vacua 
was  not  perfected,  found  the  coefficient  to  be  .515. 
coefficient  may  be  considered  as  an  extreme  raininjura, 

237.  Com  pound  TnlH\ — When  two  or  more  of  the 
short  tubes  above  descril>ed  are  joined  together  endwi 
into  one  tube,  as  hi  Fig.  32,  the  new  tube  thus  formed  ii 
termed  a  cmnpowml  tube. 


] 


•  Its  menu  velocity,  in  a  cyrmdrical  tube,  after  the  jet  Ima  expanded  beyo 
the  contructiou. 
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Ventnri  experimented  wth  various  forms  and  propor- 

*1JS  of  compound  tubes,  and  observed  remarkable  results 
pixxlnced  by  certain  of  them,  which  apparently  augmented 
*-*!<*  force  of  gravity. 

With  a  tube  simiJar  to  Fig,  32,  but  with  less  perfect 
^^ntnietion,  having  tlie  included  angle  of  tlie  divergent  tube 
^Hal  ta  5^  6',  the  smallest  diameter  equal  to  0,1109  feet, 
^'^d  the  length  c*qual  to  nin*^  diameters,  the  cotffficient,  corn- 
Put^  for  the  smallest  diameter,  when  flowing  under  a  con- 
i^to-iit  head  of  2,89  feet,  was  1,46,  or  about  2.4  times  that  of 

fKjual  orifice  in  thin  plate. 

•438.  CoeffieipntK  of  Coiiipoiiiul  TuboB.— Other  forms 
^*f  compound  tubes,  with  conical  divei-ging  ajutages  of  dif- 
'^teat  lengths  and  angles,  gave  I'esults  as  follows : 

TABLE     No.    49. 
Experiments  with  Divergent  Ajutages. 


A/UTACB. 

AjtrTACK* 

.^ 

ConPficwjrr. 

CDKFFlCtElffT. 

Aaiie. 

Ungtli. 

1       Angle. 

Ungtti. 

Fert 

Fret, 

??? 

1           0.364 

0.93 

'       5"  44' 

.193 

M 

1.095 

1.21 

lo    16' 

.865 

.91 

4 >* 

1.508 

1.21 

10°  16' 

147 

t 

4 > 

1*508 

t.34 

14'  14' 

147 

S'44* 

0.577 

1.02 

239.  ExpeHnieiitH   with   Cyliiicb*ical   and   Coiu< 
pound  Tubes. — Tlie  following  table  gives  interesting 
enlts  of  experiments  by  Eytelwein  with  both  cylindrical 

and  compound  tubes. 

He  first  experimented  with  a  Benes  of  cylindrical  tuh 

of  different  lengths,  but  of  equal  diameters;  he  then  place 

between  the  cylindriral  tubes  and  the  reservoir  a  conical 

converging  tube  of  the  form  of  the  vend  contreictd^  ma 

n^ppated  the  experiments;  and  afterw^iirds  added  aleo 

the  discharge  end  a  conical  diverging  tube  with  S*"  6'  angle, 

Fig.  33, 

Fio.  3a. 


I 

i 


C   P 


TABLE     No.    BO. 
ExPERIME!»rTS   WITH    COMPOUND  TUBES, 


LesgtftofUibe  Pin 


0.058 

1.000 

3,000 

12.077 

24.156 

48.272 
60,1 16 


Length  of  tube  P 
iofeci. 


0.0033 

•2559 
1.0302 
2.0605 
3.0907 
4.1 176 
S''479 


Coefficient  for 

Coefficient  for 

tub*;  P, 

tutie  CP, 

0.62 

.62 

,967 

.82 

•943 

'77 

^870 

'73 

.803 

.68 

.741 

-63 

.687 

,60 

.648 

Codfident  fof 
tube  CPD. 


Tlie  diameter  of  the  tnbe  P  was  0. 06/53  feet  and  the  flo^ 
took  place  nnder  a  computed  average  head  of  2.3642  fe 
The  mean  head  was  computed  by  the  formula, 
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(3) 


I 
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fn  which  -ff  =  maximum  head,  Ti  —  minimxim  head,  E^  = 
mean  head. 

240.  Teudeiiey  to  Vacuum.— Tlie  effect  of  the  per- 
CHasiaii  ot  the  axial  paiticles,  teoding  to  produce  a  vacuum, 
*od  of  the  enlargement  of  the  circumference  of  the  jet  in  2>, 
is  ajiparent  until  the  length  reaches  thirty-six  diameters, 
a^d  is  greatest  at  tliree  diameters  length,  though  still  less 
tUan  with  Fig.  28,  because  the  surface  of  contact  of  the  jet 
•gainst  the  tube  is  greater. 

241.  Percussive  Force  of  Particles,— The  percus- 
^Ve  effect  of  particles  of  water  in  rapid  motion  is  illustrated 
^y  another  experiment  of  ^^entu- 
rt*s^   with   apparatus    simOar  to 

^  is  a  high  tank  kept  filled 

"^^tli  water,  and   ('  is  a  smaller 

^^ri^lw  at  its  base,  full  of  water  at 

^li^  biginning  of  the  experiment, 

^  is  an  open-topped  pipe  placed 

^^    the  small  tank,  and  has  holes 

I^^^^rced  around  its  base,  so  that 

^*H>  water  in  C  may  enter  it  freely 

^^d  rise  to  tlje  level  c.    From  A  a  small  tube,  ^,  leads  a  jet 

*^to  P. 

V\^Vk  the  tube  e  being  opened,  the  whole  body  of  water 
^^  P  is  set  in  motion  and  begins  to  flow  over  its  top,  and  the 
•Xidy  of  wat^T  in  C  is  drawn  int^D  the  pipe  P  through  the 
T>i!rforationa,  and  the  surface  of  C  will  be  seen  to  fall  grad- 
ually from  f  to  d,  until  air  can  enter  through  tlie  perfc 
Uons  and  destroy  the  partial  vacuum  in  P. 


i 
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For  a  clear  conception  of  the  effect  of  the  particles  of  th€ 
jet  upon  the  particles  in  P,  imagine  all  the  particles  and 
the  apparatus  to  be  greatly  magnified,  so  that  there  wUl 
appear  to  be  a  jet,  e^  of  balls,  Uke  billiard  balls,  for  illus- 
ti-ation,  through  a  mass,  P,  of  similar  balls* 

242.  Kanir^?  of  a  Set  of  Ejtelwein*s  Experiments 
— In  the  last  table  (No,  50),  there  appears  the  mean  coef^ 
licients  due  to  several  distinct  classes  of  apertures,  viz, : 
0.62  due  to  a  tube  orifice  or  orifice  in  thin  plate,  with  length 
equal  to  0i)38  diameters ;  0.82  due  to  a  ^shmt  Cf/Undriec 
tube,  with  length  equal  to  3  diameters  ;  0,043  due  to  lessens 
contraction  by  the  convei-gent  entrance,  with  length  eqi 
to  3  diameters  ;  and  l,lf)7  (which  in  more  perfect  form  of  | 
compound  tube  we  have  found  to  be  1.46)  due  to  convergent 
entrance  and  divergent  exit.,  with  length  equal  3  diamet-ers.  | 

Tliere  also  appears  the  increase  of  coefficient  from  orij 
to  short  tube,  and  then  the  gradual  reduction  of  all  the 
coefficients  by  increase  of  length  of  tube  (into  pipe)  from  3 
to  60  diametei*s  long. 

These  phenomena  cannot  tail  to  be  of  interest  to  students 
in  that  branch  of  natural  philosophy  which  i-elates  to  hydro-^ 
dynamics,  and  the  practical  hydi-auliciau  cannot  afford 
overlook  their  effects, 

24a*  CyllDdrical  Tubes  to  be  Preferred.— There 
rarely  occasion  for  the  pmctical  and  honest  use  of  th^ 
divergent  tube,  wlien  its  object  cannot  better  be  accom* 
plished  by  a  slightly  increased  diameter  of  cylindrical  tube. 
The  capability  of  the  divergent  ajutage  to  increase  the  dis-^ri 
charge  from  a  given  diameter  of  orifice,  was  known  to  the™ 
ancient  philosophers,  and  to  some  of  the  Roman  citizens  who^j 
had  granta  of  water  from  the  public  conduite,  and  D'An^^^ 
buisson  states  that  a  Roman  law  prohibited  their  use  within 
62^  feet  of  the  entrance  of  the  tube. 


\ 
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244.  Pipe  mid  Coii«Iiiit.— A  cylindrical  tube  intended 
to  convey  water  under  x>re8sure  is  termed  a  pij>e  when  its 
leogtli  exceeds  abont  tliree  times  its  interior  diamet4:*r ;  or 
immediati?ly  aflU*r  its  length  has  become  8iifficit-nt  for  the 
completion  of  the  vacuum  about  the  jet  tlowing  into  it. 

A  long  pipe  constructed  of  masonry  is  termed  a  cotiduUy 
and  whtm  it  is  a  continuous  tub*^  or  composed  of  sections 
of  tubt*s  with  their  ax^s  joined  in  one  continuous  line  and 
adapted  to  convey  water  under  pressure^  it  is  termed  a  /tiain 
pipe^  sub-main,  branchy  waste,  or  service  pipe,  according 
to  it3  office, 

5i4ii»  Short  Pipes  jyive  Greatest  Biweliarj^e. — The 
greatest  possil>h*  discharge  through  a  cylindrical  tulH\  due 
to  a  given  head,  occurs  when  its  length  is  just  sufficient  to 
allow  of  the  completion  of  the  vacuum  about  the  contrac- 
tion of  its  jet  at  the  influence,  if  its  influent  end  is  then 
gufficiently  submerged  to  maintain  the  pipe  full  at  the 
issue. 

In  the  discussion  of  short  tubes  (§  228),  w^e  have  seen 
that  their  coefficient  of  discharge  is  increased  from  0.02 
(that  for  thin  plate)  to  a  mean  of  0*815,  There  is  still  a  loss 
of  eighteen  per  cent,  of  the  theoretical  volume,  due  chiefly 
to  the  contraction  of  the  vein  at  its  entrance  to  the  tube^ 
from  which  results  a  loss  of  velocity  and  a  loss  of  energy  as 
the  jet  expands  to  fill  the  tube. 
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LOSS    OF    FORCE,    OR    EQUIVALENT    HEAD,    A1 
THE    ENTRANCE    TO    A    PIPE. 

246*  Theoretical  Voltinie  from  Pipe».— Let  A^  Fig, 
36,  be  a  reservoii-  containing  water  oae  handred  feet  deep  = 
H,  to  the  level  of  ib  horizontal  effluent  pipe,  P.  Let  the 
pipe  F  be  one  foot  in  diameter  =  d. 

Tiien  the  theoretical  volume  of  dischai^  will  eqi 
V'2gH  X  .7854rf*  ^  63,028  cubic  feet  per  second  ;  but  wh*i 
the  pipe  is  three  diameters  long  (=3  feet),  the  real  dischs 
according  to  experiment  will  be 

Q^  .815  V2gHx  ,7854(2  ^ 

=  51.40  cubic  feet  per  secoud. 

Fig.  85. 


.c:::r 


looo.  fce^f 


Let  V  represent  tlie  theoretical  velocity ;  then  will  the^ 
total  head  H^~=  im  feet 

Let  V  represent  the  measured  velocity  of  discharge,  and 
7i  the  head  necessary  to  generate  %  then  Ji 


I 


« 
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247.  3Iean  Efflux  friiiii  FipeH.— The  section  of  the  jet, 
.Imving  expanded  beyond  the  contraction  issues  with  a  diam- 
■^tjter  equal  to  that  of  the  tube,  and  the  coefficient  of  velocity, 

<?„  is  consequently  equal  to  the  coefficient  of  discharge,  c\ 
which  is,  at  a  mean,  .815  and  the  theoretical  velocity  F= 

—  -  -gTg  =  80.25  feet  per  second. 

248.  HiibdiviHioti  ol  tlie  Head,— The  total  head  ZT, 
acting  upon  a  short  cylindrical  tube,  consists  of  two  por- 
tions, one  of  which,  =  i}d^  per  cent,  of  //,  generates  v  = 
•815  V  =  65.4  feet  per  second.  Tlie  remaining  33 J  per  cent^ 
of  J/  acts  in  the  form  of  pressure  to  overcome  the  resistance 
of  entry  of  the  jet  into  the  tube.  Iiet  h'  be  the  equivalent 
of  the  neutralized  velocity. 

The  head  due  to  v  is  h  =    -,  =  66.5  feet  in  the  above  as- 

2/7' 

'sumed  case,  and  the  head  due  to  -jrr^  —  the  head  due  to  v  is 

*'  =  ("ir/^-  -  S)  =  (  \  -  l)  ?  ^  ^-6  feet 

The  ratio  otli  to  h  is  therefore  (-^  ^  1  j  —  ,5055  for  this 

and  {h-^-Ji)  =  (A +  .6055  A)  =  H. 

249*  McMaiiiiiical   Effect  of  the  Efflux Since  the 

lynamic  force  of  tlie  jet  is  as  the  effi^ctive  head  acting  uiHiU 
the  loss  of  M\ri  of  //  is  a  matter  of  imjKvrtiince,  esjKs 
cially  in  castas  of  shoi-t  jiipes. 

The  theoretical  velocity   beuig  =   —r^,    the  theoretical 
'im^rgy  of  the  jet,  under  tlie  same  assumed  conditions,  is  „^  ^ 
X  5-  X  Q  X  «£j  =  321250  foot  pounds  per  second  =  584.08 


iff 


15 
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E:P. ;  w  r^r^presenting  the  weight  in  pounds  (^^  {52/64) 
cubic  foot  of  the  water,  and  Q  the  volume  or  quuutity 
water  in  cnbic  feet  j^er  second. 

The  energy  B,  dne  to  t>,  is  expressed  by  the  equation, 

if 


E^ 


^9 


X  w 


=  213631,2  foot  pounds  per  second  =  888.42  JKP. 

The  loss  of  energy  from  the  quantity  of  water  Q  durii 
the  efflux  in  one  second,  being  proportionate  to  the  loss  i 
head,  is, 

^\ 


-.  X 


l}-l)'<^=(^-)l^«- 


u=  107618.75  foot  pounds  per  second  =  195.67  HP. 

250.  Ratio  of  ReHistanee  at  Entrance  to  a  Pipe/ 

^Tlie  ratio,  .505. of  //  to  lu  is  v^ery  nearly  a  viean  for  tubo^J 
whose  edges  are  sqimre  and  flush  in  a  plane  partition,     I^^ 
the  entrance  of  the  tube  is  well  rounded  in  tninipet-mouth 
forrn^  corresponding  to  the  form  of  the  vend  coniractd^  the 
coefficient  of  velocity  c^  will  be  increased  to  about  .98,  and  the 

ratio  of  resistance  wiE  become  ( ^ — 1\  —  .0412,  c^^ual  in 

this  case  (Fig.  35)  to  about  four  feet  head,  and  the  head 
that  can  be  made  available  for  work  will  equal  ninety-six 
feet 

The  disadvantage  of  the  square  edges,  as  respects  bot^j 
volume  and  dynamic  force,  is  apparent    Tljis  resistanc-e  difl 
entry  of  the  jet  into  a  tube,  whose  ratio  of  head  we  have 
determined,  is  force,  or  its  equivalent  head  irreeoverably 
lost.     Its  maximum  for  a  given  head  occurs  when  the  tu 
is  about  three  diameters  long,  the  velocity  beting  tlien  at  i 
maximum,  and  thereafter  its  value  is  reduced  as  tlie  pipe 
Icngtheued,  and  \nth  the  square  of  the  velocity. 
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RESISTANCE    TO     FLOW    WITHIN    A    PIPE. 

*i5t*  UesiHtaiice  of  Pipe-wall- — We  have  heretofore 

tODHidpred  the  whole  head  H  as  applied  to  and  entirely 

iitili7pd  in  overcoming  the  resistance  of  entrj^  of  the  jet  into 

the  pipe,  and  in  generating  the  velocity  among  the  particles 

^fUjejet 

We  will  now  consider  the  resistances  within  the  pipe  and 
'  ^  ippendiiges,  and  the  portinn  of  the  velocity  tliat  must  be 
^■oiirerted  into  hydraulic  pressun^  to  overcome  them. 

25'^.  Ooiiver?iion  of  Velocity   into   Pressure, — If 

t^he  pipe  P,  Fig.  35,  of  three  diametei"s  length,  he  extended 

^«  at  P*,  a  new  resistance  arising  within  the  added  length 

•<2t8  upon  the  jet  and  again  reduces  the  volume  of  flow.     A 

¥>ort.ion  of  the  velocity  of  the  jet  is  converted  into  working 

Or  hydraulic  force,  and  is  applied  to  overcome  the  resistances 

Pi^^sented  witliin  the  pipe,  and  the  proportion  of  the  velocity 

^^  Us  consumed  is  almost  directly  proportional  to  the  length 

^^ded  of  tlie  pipe,  of  the  given  diameter. 

333-   Coeflieieiits  of  Efflux  from  Pipes — The  eftects 

^I>on  the  volume  of  discharge  through  a  given  pipe  conse- 

^Tient  upon  varying  its  length  w  ill  be  apparent  njion  insi>ec- 

*ion  of  a  table  of  coefficients  of  efflux,  c,  due  to  its  several 

lt*ngths  n*si)ectively. 

We  will  aasume  the  pipe  to  be  one  foot  diameter,  of  | 
^l^san  caat  iron,  when  the  coefficients  determined  experi- 
mentally have  mean  values  about  a.s  follows : 


TABLE     No.    8  1. 
Coefficients  of  Efflux  (r)  for  Short  Pipes. 


^^Cka«  la  diuDttcri . . 

<      S 

770 

50 

Ml 

75 

lOO     IBS 

.S4«    5" 

150 
.4»5 

«7S 

.440 

235 

.4*0 

»50 
4PS 

«7S 
.386 

y^ 

^'^'^t6tam\€\ 

:^. 

FIX)W   OF    WATER   THBOUrm   VIP¥M. 


Plotted  as  ordinates,  T>eginning  with   the   theoretical 
coefficient^  uaity,  they  range  themselves  as  in  Fig.  36. 


<I/JJ  !0 


* 


854.  Reactions  fVom  the  Pipe-wall. — A  fair  sam- 
ple of  ordinary  pipe  ousting,  a  cement-lined,  lead,  or  glazed 
earthenware  pipe  are  each  termed  smooth  pii>es5  but  a  good 
magnifying  lens  reveals  upon  their  surfaces  innumerable 
cavities  and  projections, 

Tlie  moleeules  of  water  are  so  minute  that  many  thou- 
sands of  thorn  might  be  projected  against  and  react  from  a 
single  one  of  thos<?  innumerable  projections,  even  tliough  it 
was  inappreciable  to  the  touch,  or  invisible  to  the  nakedj 
eye. 

A  series  of  continual  reactions  and  deflections,  oriirinatt  d 
by  the  roughness  of  tlie  pipe,  act  upon  the  individual 
molecules  as  they  are  impelled  forward  by  gravity,  and_ 
materially  retard  *  their  flow. 

In  a  given  pipe,  having  a  uniform  character  of  surface, 
the  sum  of  the  re^ctionsj  for  a  given  velocity,  is  directly  as 

♦  The  rpwistanro  wft»,  bv  the  earlier  phiJo«it>pherP,  attributi'd  rhiofly  tn  U19  j 
ftdheMon  «»f  iho  fluid  imrfkles  t-o  tlie  sides  of  the  pipe,  mid  to  tht*  cohL^ionl 
nmonp  the  partic'lc♦^,  Vidr  fhnvmuff,  who  »<?r<^pt9  the  vii'ws  of  Ou  Bimt,  D'Au.l 
hui»Bon,   mid  otlitu   emimnU  uuthorities.     Prurticnl   Uvdniulirs   n   2(>0      Jjjh-' 

don,  mm 
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its  wall  surface,  or  as  the  product  of  the  inner  circumfer- 
ence^into  the  length/    Since  In  a  pipe  of  unifomi  diameter 
the  circumference  is  constant^  the  sum  of  the  reactions  is 
Also  direcUy  as  the  length. 

The  impuUe  of  the  flowing  particles,  and  therefore  their 

'Reactions  and  eddy  influences,  aie  theoretically  proportional 

^  the  head  to  which  their  velocity  is  due,  which  is  propor- 

tiooal  to  the  square  of  the  velocity,  or,  in  general  terms,  the 

^ffeetive  reactions  are  proportional  nearly  to  the  square  of 

^^  Telocity. 

The  resistances  arising  from  the  interior  surface  of  the 
1**I>^  are,  therefore,  not  only  as  the  lengtJi^  but  as  the 
^9^M4iT€  of  the  vehclti/^  nearly. 

The  eflect  of  the  resistances  is  not  equal  upon  all  the 
r^^Tticles  in  a  section  of  the  column  of  water,  but  is  greatest  | 
*^  the  exterior  and  least  at  tlie  centre^  or,  in  a  given  section, 
^I>^raxiniately  a^  Us  circumference  dimded  by  a  functwn 
^i^  its  area* 

^5«>,  Orlg^bi  of  ForiiiiiluM  of  Flow. — These  simple 
^^TKJtheses  constitute  the  foundation  of  aU  the  expressions 
^^  resistance  to  the  flow  of  water  in  pipes,  as  they  appc^ar  in 
^^e  varied,  ingenious,  and  elegant  fonnulas  of  tliose  emi- 
^«it  philosophers  and  hydraidicians  who  have  investigated 
^4l©  subject  scientificaDy, 

250.  Fomiula  of  Resintaiiee  to  Flow, — Place  M  to 

't^ppresent  the  sum  of  all  the  rt/sistances  arising  from  the 

tiircumference  of  the  pipe  (excluding  thosi*  due  tf»  the  entiy); 

C  for  the  contour  or  circumfercmce  of  the  pipes  in  feet ;  8  {or 

tlie  section  of  the  interior  of  the  pipe,  in  square  feet ;  I  for 

length  of  the  pipe,  in  feet ;  and  p  for  the  mean  velocity 

•  The  \%w  of  x\w  (effects  of  the  resist aneea  is  believed  to  liave  bt?en  first  for- 
^onlilcd  Ui  thcf  fdixipk'  nlgLbniic  expret^eioiis  now  in  geoeral  uae,  by  M.  Cbezy^ 
itJbojcftr  1775, 
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(4) 


■  of  flow,  in  feet  per  secoud.    Then  the  resistance  to  flow  is 

■  expressed  in  equivalent  head  by  the  equation 

1: 


ji  =  ^xixm,^. 


257*  Caeffleieiit  of  Flow.— In  the  equation  a  new 
coefficient  fn  appears,  which  also  is  to  be  determined  by 
experiment.  It  is  not  to  be  confounded  with  the  c  hei-eto- 
fore  investigated,  but  will  hereafter  be  investigated  inde- 
pendently. 

258*  OppoHition  of  Gravity  ajicl  Rea4*tion* — We 
have  seen  that  gravity  (g  181>)  is  the  natural  origin  and  the 
accelerating  force  that  produces  motion  of  water  in  pijies. 

Its  effect,  if  no  resistance  was  opposed,  would  be  to  con- 
tinnallj  accelemte  the  flow.  On  tlie  other  hand,  if  its  eflfect 
was  i-enKJvedj  the  rei?iatances  would  bring  the  column  to  a 
state  of  rest. 

The  two  influences  oppose  each  other  continually,  and 
tlierefore  tend  to  the  production  of  a  rate  of  motion  in  which 
they  balance  each  other. 

259,  Conversion  of  Pressure  into  ]>Iechanical 
Elfert. — WTien  tlie  motion  has  become  sensibly  constant, 
A  portion  of  the  etfect  of  gravity  that  ap])ear€*d  as  velocity 
in  the  cases  of  orifices  and  sliort  tubes,  or  its  equivalent  in 
the  form  of  head  is  consumed  by  impact  upon  the  rough 
projections  of  the  pipe  wall  and  reactions  therefrom,  and  tin* 
remaining  force  due  to  gravity  or  head  is  producing  thi* 
velocity  of  tlow  th<>n  i*emaining. 

200-  M^'UHure  of  Resistance  to  Flow. — ^The  effect 
of  the  resistance  along  a  main  pipe,  when  discharging 
iter  ft*om  a  reservoir,  as  in  Fig.  37,  may  be  observed  by 
i?hing  a  series  of  pressure  gauges  at  intervals,  or  by  at- 
aiching  a  series  of  open-topped  pipes,  as  at  j>^,  p^^  etc. 


RESISTANCE    INVEHSELY. 


Fig.  87, 


'k 


If  the  end/ of  the  pipe  is  closed^  water  will  stand  in  all 
the  vertical  pipes  at  the  same  levels  aA%  as  in  the  reseiToir. 

If  the  diameter  of  the  pipe  is  uuifomi  throughout  its 
length,  and  the  flow,  the  fiiU  capacity  of  the  pipe,  then 
water  will  stand  in  the  several  vertical  pipes  np  to  the  in- 
clined line  a/;  jnovided  that  tlie  top  ofp.he  closed  so  that 
there  may  be  a  tendency  to  vacnnm  at  ti,  and  provided  also 
that  n  \h  not  more  than  tliirtj^  feet,  or  the  Iieiglit  to  whieh 
tlie  pressure  of  the  atmosphere  can  maintain  the  pipe  ftdl, 
above  the  line  a/,  at  n\ 

When  /  is  an  open  end  discharging  into  air,  and  the 
raonum  at  n  is  not  niaintaimxl,  a'7i  will  bt*  tlie  total  efr<*<> 
^ti?e  head,  and  the  poilion  of  the  pipe  ;t/  wiU  be  only  paili- 
lyfiUetL 

'iOl.  UcHistuiiee  Decreases  hh  the  Sciiiiire  of  the 
V€*loeit>'.— If  the  discliarge  of  the  pipe  is  throttled  at  /;  by 
a  partial  closing  of  a  valve,  by  a  contmctic^n  of  the  issue,  or 
by  diversion  of  the  stream  into  other  pii*es  of  less  capacity, 
and  a  portion  of  the  velocity  is  in  conseqnence  converted 
into  pressnre  equivalent  to  the  head//,  then  the  resistance 
will  Ik*  lessened  as  the  sqnar**  of  the  velocity  decreases,  and 
water  will  stand  in  the  vertical  pijies,  or  the  gauges  will  in- 
dicate the  inclined  line  a'*f\  Tliis  is  the  usual  condition  of 
mains  in  public  water  supplies. 
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2&Z*  luereaHe  of  Biirst iiig  Pressure* — One  effect  < 

throttling  the  discliarge  is  seen  to  be  an  mcrt^ase  of  biirdtiii| 
pressure  uiwn  the  pipes,  which  is  greater  when  the  exit  is 
entirely  closed  than  when  tliere  is  a  constant  flow,  and  whid 
decreases  as  the  velocity*  inci-eases,  though  a  sudden  cloa 
ing  of  a  valve  against  a  rapid  current  will  pi-oVutbly  }>i'ov6 
disastrous  to  an  ordinary  pipe  that  is  fidly  able  to  sustain 
a  legitimate  pressure  due  to  the  l^ead, 

2iili*  Aeeelemiioii  and  Resistance* — Let  ab  (Pig. 
be  a  vertical  pipe  dischai-ging  water  from  a  n^servoir  A/ 
maintained  always  full.     If,  before  the  water  entered  the_ 

Fio.  as. 


pipe,  a  single  particle  had  been  dropped  into  its  centre  froi 
CJ,  the  velocity  of  movement  of  the  particle  would,  in  cons 
quence  of  the  effect  of  gravity  upon  it,  have  been  constantly 
accelerated  through  its  whole  passage  along  the  ajds* 


DESIGNATION  OF  /* "   AND  L 


2aa 


Ite  velo<!ity,  when  it  had  reached  6,  would  have  beea 
jnal  to  ^'2fflff  when  ff  represents  the  vertical  height  ab 
in  feet 

The  greater  the  height  ab  the  greater  the  sum  of  the  ac- 
celerations by  gravity,  and  also,  if  the  pipe  is  flowing  fully 
the  givatt^r  the  length  a'b  the  gieater  the  sum  of  the  resist- 
ance^ acting  upon  the  column  of  water  to  i*etaitl  it, 

264«  Equation  of  Head  Keciitiretl  to  Overeoiiie 
tho  Resistatiee, — Let  v  be  the  velocity  of  the  jet  issuing 
ffOTiQ  ft,  A  the  head  to  which  v  is  due,  and  h"  the  head  act- 
"tig  njK>n  the  resistance  li,  and  m  a  coefficient. 

Tlieu  the  ratio  of  the  amount  of  the  force  of  gravity^  or 

r^ixivalent  head,  h*\  converted  into  hydraulic  ])ressure  to 

l**U^Dce  the  resistances  within  the  given  length  of  i>ipe,  and 

wf  the  given  head,  is  to  the  head,  7^,  producing  the  velocity 

^*^  -^x  Im  X  ^  to  ,^  ;    hence  the  equation  of  resistance 

*^^ad  is 

(6) 

In  long  pix)es  the 


265*    DesigiiatioiiH  of  h"  and  /. 

[totui  head,  H^h-\^Jt  ^  h'\ 

The  head,  or  charge  of  water  A '  acting  upon  the  resist- 
lees,  is  the  vertical  height  of  the  surface  of  the  resenoir, 
jtho  height  aa'  =  h  (Fig.  38),  necessary  to  generate  the 
ity  fj,  and  also  less  the  height  a"a'  =  K  necessary  to 
i      Overcome  the  resistance  of  entry,  above  tlie  centre  of  the 

■  4i«icharging  jet  at  the  exit ;    or  if  the  discharge  is  hito 

■  *^^other  body  of  w^ater,  above  the  surface  of  the  lower 

^^^     The  length  ?  to  be  taken,  is  the  actual  length  of  the  axis 

I^t  the  pipe. 
In  topographical  surveys  the  cliain  is  held  horizontal, 
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and  the  distauce  df  is  in  plotting  exprt^ssed  by  its  projd 

li*      kf 
tion  a!k^  but  for  pipes  tlie  true  ratio  ^  is  ^. 
^^  la/ 

Then  whatever  the  position  or  direction  of  the  pipe  €^ 
or  a/,  or  //;  or  onf  (abstracting  for  the  present  any  resistr 
ance  of  curvature),  the  equation  of  A"  measures  the  resistan^ 
unless,  in  the  case  of  a  pipe  dischai^ng  near  to  its  full  cap^ 
city,  an  upveard  curve,  lu  shall  rise  more  than  thirty  feet 
above  the  line  of  hydraulw  mean  gradient  a[f\  when  /a"  is 
to  be  taken  m  two  sections,  first  from  a'  to  n  vertically,  and 
second  from  n  to  /  vertically  reduced  by  the  effect  of  tl^ 
vacuum,  if  any,  or  as  a  simple  cliannel  without  pressure 
tlie  length  7{/does  not  fill. 

'^6f>*  Variable  Value  of /ii.— In  the  equation  o(K\  (S 
we  have  the  coefficient  m,  whose  several  values  are  to  be 
deduced  from  actual  measurenients  of  the  flow  of  water 
througli  pipes,  and  whose  governing  conditions  ai^  to  bo 
closely  obsen^ed  and  studied.  ■ 

The  ]>hysical  conditions  of  various  pipes  are  so  differeff 
that  special  coefficients  ai"e  required  for  earli  t-lass  c»f  co^ 
ditions.  | 

A  sliglit  increase  in  the  rc»ughness  of  the  interior  surface 
of  the  pipe,  occasional  suddi^n  enlargementa  or  contmetiofl 
of  the  diameter  of  the  pi}x%  and  sudden  bends  in  the  dirw^ 
Hon  of  tlie  pipe,  may  be  instanced  as  sufficient  departu 
from  the  conditions  of  straight  pipes  with  uniform  diamet 
and  surfaces  to  materially  modify  the  value  of  its  coeffici( 
uf  flow. 

207.  Investigation  «if  Values  of  ni* — For  the 
teimination  of  a  series  or  taljle  of  coetiicients,  m^  for 
pipes,  we  will  ©elect  data  from  published  tables  of 


*  Hecberches  o!cperim«'D tales  relatives  iiu  movement  de   Teaa   daaa 
Inrnax.     Paria,  1857. 
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imeuts  by  Henry  Darcy,  made  while  be  was  director  of  tho 
public  water  service  of  tbe  city  of  Paris  ;  frotii^  experiments 
by  Gt*o,  S*  Greene^  made  while  chief  engineer  of  tlie  Croton 
Aqut^duct  Depaiinienlof  New  York  city  ;  from  experiments 
by  GJeo.  H.  Bailey,  Esq.,  made  while  chief  engineer  of  the 
Jersey  City  Water- w^orks  ;  from  some  of  the  famous  exper- 
iments of  Dn  Buat,  Couplet,  and  Bossut,  whicli  furnished 
the  chief  data  for  tlie  elegant  formulas  of  those  eminent 
philosophers,  as  well  as  those  of  Pronyf  and  Eytelwein, 
and  from  several  other  sources, 

*4G8.  DetiiiitiiHi  of  Sj^nbols. — By  transposition  we 

hare 

1 


(7) 


The  member  j~  is  the  ratio  of  the  height  which  the  par- 
ticles fall  through  in  the  given  length,  equal  ,-*^  ^  y,  or  the 

sine  of  the  angle  of  inclination  ka[f^  Fig.  38.  The  inclina- 
tion a/ is  termed  the  ^^slopey"-  or  tlie  hi/draidic  mean  gra- 
dienL  and  is  usually  designatt-d  by  the  letter  /,  The  point 
a'  is  always  bt»ueath  the  surface  of  the  water  a  depth  ad 
necessary  to  generate  the  velocity  v  in  the  pipe,  and  to 
oven*ome  the  Resistance  of  entry,  wln:4]ier  the  pipe  be  In  the 
position  a'fy  jfy  or  omf, 

'Hie  depth  ad  varies  as  the  velocity  varies,  and  the 
'\slope''  i  corresponds  to  an  imaginary  right  line  connect- 
ing the  points  d  aiidy'. 

The  member  *^,  as  now  inverted  (§  256)  refera  to  the 

Itio  of  the  section  to  the  contour  of  the  given  pipe,  or  to  the 

♦  llfMrriplivo  Memoir  of  tb©  Brooklyn  Water- works,  by  Jnines  P.  Kirk- 
wood-     Van  NostmniJ,  N.  Y..  1867. 

\  FIdr  liiM^lterches  PhysicoMftUi^matiques  eur  la  Tb/*ori6  du  Moavemeiit 
dfli  Etas  rour&nte«,  IBOL 
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AfH^f^l  OTIfl.1   SLfPiSL 

-^  ^  ,  — - — 7—,    It  is  termed  the  ''mean  radius J^  or,  in 
» wetted  penroeter  '        * 

the  cases  of  pijies  and  channels  paitially  fiUed,  the  liydraU' 

lie  mean  depths  and  is  usually  designated  -by  the  letter  r. 

The  value  of  r  for  full  pipes  is  always  equal  to  one-fourth 

of  the  diameter  ^  j,  according  to  well-known  properties  of 

the  circle. 

360,  Experiiiii^iital  Valiums  of  the  Coefflcieiit  of 
Flow, — We  have  then,  as  an  equivalent  for  equation  (7): 


m  — 


_  %jri 


or 


llgKS 


(8) 


TABLE     No.    B2a. 


m 


2ff       dh 

4r^  ^    I 


Experimental  Coefficients  (m)  of  Flow  of  Water  in 
CLEAN  Pipes,  under  Pressure. 

Kxperiments  by  Hamilton  Smith,  Jr.,  (Shcct-iron  A sphaltum -coated  Pipes,) 
ni  North  Bloomficld,  California,  where  2^  =  64,29. 


Dlamcicr  =  </ 

nc*d  -  A, 

Lenif  Ih  =  /, 

VeJodtv  =  p. 

Coemcient  =  m. 

in  feel. 

In  feci. 

in  tceU 

in  ieel  per  sec. 

.911 

32.6gO 

684.8 

10.048 

,00479 

1            9" 

I7.8jt 

697,0 

8. 68s 

.00496 

1          .911 

12.098 

713-9 

6.952 

.00518 

.911 

9-618 

72!. 3 

6.115 

.00520     H 

,911 

6,203 

730,6 

4-755 

'OO554    ■ 

1.056 

22.711 

684.9 

I0.7SS 

.OO4S6    ■ 

1.056 

15.519 

699.6 

8.679 

,00499 

1,056 

10  127 

709.2 

6.982 

.00495 

t.056 

4-799 

718.4 

4,612 

,oos3a 

1.230 

22.036 

6S4.4 

12-302 

.00419 

t,230 

17-132 

6q5  6 

i         10.750 

.00421 

1,230 

11.592 

705.0 

8.517 

.00446 

1*230 

8  713 

710,7 

'          7.334 

.00450 

1.230 

7.813 

712,4 

6.861 

.00459 

1.230 

3.614 

7^9  9 

4-398 

.005  If 

1.416 

296,1 

4438.7 

20*130 

.«^73 

TAB  LE 

Experimental   Coefficients  (m)  of   Flow  of  Water   in   CUan 

2ghS 


Pipes,  under  Pressure,     m  = 


Civ' 


2gri  _  zgr      h' 


EXPERIMENTS    BY    H.    DARCY    (CaBt-lpon    Pipes). 


mrecL 

Lengt]i  =  A 
iafect. 

Velocity  =  tf, 
ia  f«ct  per  sec. 

Coefiicteat  =  m. 

O.26B7 

0.066 

328.09 

0.2885 

.0104478 

u 

1.742 

a 

1.8599 

.0067800 

u 

3-347     , 

tt 

2.5946 

.0065508       . 

it 

13.260 

tt 

5-1509 

.0065850 

u 

39' 299 

tt 

8.9242 

,0065162 

u 

56.011 

tt 

10,7115 

.0064320 

0.4501 

0.079 

328,09 

0.4887 

.0073054 

*« 

.686 

tt 

T.'^oat 

.0059026 

ii 

1*55^ 

it 

2,5021 

.0054960 

H 

54.975     ; 

tt 

i5-3929 

.0051240 

0.615  I 

0.0S9 

328.09 

0,6544 

.0062884 

** 

1.207 

ii 

2,4991 

.0058476 

1 

2.641 

U 

3-7155 

.0057898 

\       1 

4-369 

tt 

49045 

.0055296 

1 

12.500 

tt 

8.2564 

.0055482       1 

1 

47.872 

u 

16,2360 

.0054948 

0.97s ' 

0.092 

328.09 

0.7997 

.0068802 

U 

.883 

u 

2-7134 

-0057306       , 

it 

1.762 

tt 

37863 

.0058728       ' 

1 

3'<525 

it 

5.4039 

.0059314 

1       " 

7.56^ 

n 

7.8330 

.OO5S890 

P       " 

13-473 

it 

10-3575 

.0060010 

1.64*7 

0.148 

318.09 

1-3765 

.0062950 

u 

*i48 

i( 

1.4685 

.0055310 

1    " 

.197 

if 

1-5549 

,0065688 

1 

*394 

tt 

2-5954 

,0047160 

1    " 

.S53 

it 

3-6637 

.0051216 

r     " 

.820 

tt 

3,6900 

.0048536 
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H                                             TABL.ENo.53.                             ^H 

H      Experimental  Coefficients  (m)   of  Flow  of  Water  in   Om 

H                                 PlPES^    UNDER   PrF.SSURE,      m  —     >^^—  '^*                     ■ 

H        EXPERIMENTS    BY    THE  W^RITER  O^roug lit* iron    Cement-lln«d 

1                                                                                   Pipe).                                                                      ^ 

^B                in  feet. 

Head  ==  ifc^ 
infect. 

Lengtlis/, 
in  feet. 

Vdodty  =  tr,     1 
in  feet  per  sec. 

Coeffideot  =  tm 

H     1.6667 

1.86 

8171,0 

0.949 

.006785 

^^^^^ 

3*60 

(( 

1,488 

.00533S 

^^^^H 

5-95 

a 

1-925 

■005254 

^^^^H 

8.48 

a 

2.329 

^005133 

^^^^H 

10,93 

a 

2.598 

-005317 

^^^^H 

12.91 

t€ 

2.867 

-005157 

^^^^H 

16.28 

tt 

3271 

,004996 

^^^^H 

18.60 

ti 

tt               ' 

3*439 

.005163 

^^^^H 

22.22 

3*741 

.005213 

^^^^^H 

24-54 

«                           3.920 

'O05243 

^^^^^H 

25.58 

a 

4,00 

,005249 

^^^H 

26.16 

« 

4.04 

.005262 

^^H                                       TABI.E     No.    64.                                      1 

^^^^                       EXPERIMENTS    BY    DU    BUAT    (Tin    Pipe*).                      1 

^m      0.0S89 

-973 

10,401 

5-179 

.004992 

^^1 

1.484 

10,401 

<5334 

.005089 

^^^^^ 

.0481 

12.304 

0,7717 

.009393 

^^^^R 

•375 

12.304 

2,606 

.006424 

^^^^^H 

1.220 

12.304 

5.220 

.005  207 

^^^^^1 

.015 

65-457 

0.1411 

.014276 

^^^^^ 

1.022 

i6 

1-775 

,007091 

^^^ 

1-954 

it 

2.546 

.006585 

^^B                                       TABLE     No.    B^.                              ^J 

^^^P                         EXPERIMENTS    BY    BOSSUT    (Tin   Pipes).              fll 

^^^     0,0889 

0.331 

53-284 

1.085 

.001698 

^^B 

.976 

86.094 

1.979 

.004142 

H       .11841 

.864 

31^956 

2-945 

'OO5943 

^^B 

2.066 

191.840 

1.679 

.007282 

^H 

1.699 

3i-95<5 

4^308 

*oo546i 

^1 

•  765 

3i'95<5 

3581 

.005363 

^^H 

2.0x9 

191.840 

2.196 

.006270 

^^V 

1.892 

95-905 

2*250 

.011190 

^H 

1. 491 

3»'956 

5-230 

,004901 

TABLE     No,    S6. 
XRiMENTAJ.  Coefficients  (m)  of  Flow  of  Water  in   Clean 

EXPERIMENTS    BY    COUPL.ET    (Iron    Pipeaj. 


I 


Pipes,  under  Pressure,    m  = 


infect. 

Velocity  =  9, 
Id  feet  per  s«c 

Coefficient  =  m. 

0.4439 

0.492 

7481.88 

0.1785 

,001475 

ti 

1.005 

7481.88 

.2802 

•012230 

•4374 

1.484 

7481.88 

-3<^65 

.010390 

m    " 

1.670 

€t 

.4258 

.008667 

1    " 

2.130 

€t 

.4640 

,009309 

^                €( 

2.215 

it 

.4728 

,009323 

1.5988 

12,629 

383666 

3-4779 

,007004 

1 

TABLE     No-    57. 

i 

EXI 

'ERIMENTS    BY    W.    A, 

PROVIS.    (Lea 

d  Pipea,) 

0.125 

2.91666 

20.00 

6.149  s 

^006465     J 

it 

•  < 

40.00 

4.7588 

.005398     1 

ti 

€S 

60.00 

3-9032 

.005360     J 

u 

t< 

80.00 

3-3961 

.005287     1 

^-      ft 

(« 

100.00 

3.0897 

,005122 

TABLE     No.     88. 

EXPERIMENTS     BY    RENNIE. 

Wiih  glass  pipes  slightly  roonded  at  the  ends. 


0.0020833 

ti 
it 

1.0 

2 

3 

4 

1.0 

*€ 
it 

tt 

7.1627 
10.4196 

12.9409 
14.6240 

.000653 
.000408 
.000601 
,000627 

JQ04 1 666 

I.O 

2 

1.0 

5-6450 
8.3676 

.001672 
.001916 

y 

3 
4 

tt 

tt 

10,0497 
I  1 .6000 

.001992 
,001994 

tt 
tt 

it 

1.0 
2 

3 

4 

1.0 
ti 

ii 
it 

5-5487 
8.1852 

9-8551 
10.8320 

.004162 

.004814 
.003956 
.004378 

•00833 

1,0 

2 
3 

1.0 
tt 

tt 

6.1028 

8.5386 
10.8003 

.004584 
.004684 
.004392 

4 

it 

13.0400 

.004016 

340 
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TABLE    No.    89. 


Experimental  Coefficients  {m)  of  Flow  of  Water  in  OU 


Pipes,  under  Pressure,    m  = 


_2iJV'jS 


Ov' 


experiments    by    H.    DARCY.    (Foul  Iron  Pipes.) 


Diameter  =  </, 

Head  =  A", 

Length  =  /, 

Velocity  =  r, 

Coefficient  =  m. 

infeeL 

in  feet. 

in  feet 

in  feet  per  aec. 

O.I  194 

0.223 

328.09 

0.2669 

.018342 

a 

.600 

« 

.4273 

.019210 

i€ 

2.198 

11 

.8291 

.018735 

i€ 

5-003 

11 

1.2494 

.018784 

€€ 

10.630 

l€ 

1.8079 

.019055 

€€ 

U'^Z^ 

it 

2.0772 

.0185  H 

0.2628 

0.213 

328.09 

0.4040 

•OI681I 

ti 

.820 

it 

.8242 

.015551 

€t 

2-379 

it 

1.4645 

.014288 

(* 

5.282 

t€ 

2.2226 

.013774 

€€ 

10.171 

ti 

3-0517 

.014082 

€( 

14.879 

it 

3-7434 

.013679 

0.8028 

0.308 

328.09 

1.0080 

.011934 

(( 

.663 

it 

1.4824 

.011878 

« 

1-552 

it 

2.3218 

.011334 

t< 

3-773 

a 

3.6283 

.011285 

(€ 

7-513 

it 

5-0727 

.011494 

44 

10.499 

a 

6.0169 

.011417 

t€ 

13-468 

tt 

.    6.8037 

.011454 

i€ 

45.870 

it 

12.5779 

.011415 

TABLE    No.    60. 

EX-=»ERIMENT    by    OEN.    GEO.    S.    GREENE,    C  E., 

Upon  a  New  York  City  cast-iron  Main.    (Tuberculated.) 

J.O        I     20.215     I     11217.00     I       2.99967        I         .00966 

EXPERIMENT    BY    GEO.    H.    BAILEY,    C.  E, 
Upon  a  Jersey  City  cast-iron  Main.    (Tuberculated.) 
16667      I   28.1285      I      29715.00      I        1.43795        I  .01228 
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TABLE    60  .—{Continued.) 

Experimental  Coefficients   (m)  of   Flow  of  Water  in   0/(i 

Pipes,  under  Pressure,    m  =  ^^,^  , 

CiZr 
EXPERIMENT    UPON    THE    COLINTON    MAIN.* 
Eight  years  in  use. 


Diameter  =  d, 
in  feet. 

Head  =  A", 
in  feet. 

^in^r'' 

Velocity  =  r, 
in  feet  per  sec 

Coefficient  =  m. 

1-3334 

184 
230 
420 

3815 
25765 
29580 

14.500 
5-252 

6.8x6 

.004923 
.005556 
.006559 

LAMBETH    WATER    WORKS    MAIN. 


2.5 

25 

54120 

1.772 

•005918 

1.583 

41 

22440 

2.734 

.006229 

I 

38 

5200 

4-353 

.006208 

LIVERPOOL    WATER    WORKS    MAIN. 

X  I      27        I       8140      I       2.644       I       .007633 

CARLISLE    WATER    WORKS    MAIN. 

<  I      34-5       i        6600       I        3-568        I        .006610 

EXPERIMENTS    BY    THE    WRITER. 

With  unlined  wrought  iron  pipe  (gas  tuhing),  the  jet  entering  through  a  stop- 
cock and  piston  meter,  with  coefficient  c  =  .58  when  length  —  0.25.  The 
pipe  had  been  in  use  one  week,  but  liad  rusted  considerably. 


0.08334 

28-73 

0.25 

46.70 

.... 

a 

85-57 

9 

18.964 

.035467 

« 

98-34 

735 

4.850 

.007636 

€€ 

96.38 

1337 

3-538 

.007722 

€i 

87-33 

2040 

2.722 

.007746 

*  Tide  Proceedings  of  Inst  dv.  £nglneet8,  p.  4,  Feb.  6th,  1865,  London. 
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^ 

TABLE  No.  61. 

^B 

^^   SKUfES  OF  COIFFICIENTS  OF  FlOW  («•}  OF  WaTER  IN  ClEAK  PiPES^ 

^ft       tmi>ER  PitCSSintE,  AT  DlFFEREXT  V£IX)CITtES^  AND 

IN  PlPB^ 

Afferent  Diameters.  \^~    (hi   ' 

-vy 

i 

DlAMCfSBL 

Xioch. 

X,'. 

\       »" 

iH'' 

t\^ 

^ 

^'7/'. 

^34'- 

.«^. 

H5«'. 

.Mf. 

C&eJUcttmt,      CotJ^citni. 

Caejj^citml. 

C^JUitmi. 

C^Jfici€nt, 

C^jg6<i€ni,^ 

^K 

0,0150 

0.0130   0.01 19 

0.0107 

0.00970 

0.00870^ 

^B 

.0145 

.0126 

.0116 

,0105 

,00952 

.oq86^[ 

^m 

.OT37 

.0123 

.0113 

.0103 

-00937 

.0085^1 

^m 

•01 3  J 

.0119 

.0110 

.0100 

,00930 

.oo84dfl 

^m 

.0128 

.0116 

-0107 

.00984 

,00904 

.0083^ 

^m 

.0124 

.0113 

.0104 

. 00960 

.00890 

.0082^ 

^1 

*0t20 

.0111 

-0102 

.00940 

,00875 

.00815 

^m 

.oti6 

.0108 

,0100 

.00922 

.00860 

.00804 

^B 

»ou3 

,0105 

.00972 

.00910 

,00850 

.00798 

^H 

,0110 

.0102 

.00950 

.00S95 

.00840 

.00790 

^H 

,0107 

.00995 

•00955 

.00880 

,00826 

.0078^^ 
.00776W 

^H 

.0104 

.00973 

.00915 

.00867 

.00817 

^m 

.0101 

.00952 

.00898 

.00854 

.00809 

,00770 

^m 

.00992 

.00950 

.00882 

.00843 

.00800 

•00765 

•00757a 
.00750™ 

^M 

.00959 

.00910 

.00868 

.00832 

•00793 

^B 

.00942 

.00890 

.00854 

.00823 

,00786 

^l 

«00920 

.00872 

.00840 

.00814 

.00777 

.00746 

^H 

.00900 

.00856 

.00830 

.00806 

.00769 

00741 M 

.00736B 
.00731  " 

■ 

.00880 

,00842 

.00820 

.00800 

.00765 

^H 

,00862 

.00850 

.00810 

.00790 

.CO757 

■ 

,00840 

.00804 

.00785 

.00770 

,00742 

.00721 

H 

.00795 

.00780 

.00768 

.00752 

,00730 

.00710 

■ 

.00775  i 

.00761 

.00750 

.00736 

.00716 

.00700 

H 

.00751 

.00745 

.00754 

,00722 

.00707 

.00692 

■    1*5 

»oo73» 

,00722 

.00713 

.00702 

.00692 

.00680 

^B 

.00722 

,00710 

.00702 

.00692 

.00682 

,00671 

H 

,00704 

.00693 

.00684 

.00675 

.00664 

,00654 

^H 

.00689 

.00678 

,00670 

.00660 

.00650 

.00640 

^B 

.00675  1 

.00664 

•00657 

.00648 

.00659 

.00629 

^1 

.00663 

.00652 

.00646 

.00638 

.00627 

.00618 

^1 

.0065  a 

.00643 

,00636 

.00628 

,00618 

.00609 

^H 

.00644 

*oo634 

.00628 

.00620 

,oo6fo 

.00601 

^H 

.00630 

,00620 

,00614 

,00607  i 

,00599 

,00590 

H 

.00621 

.00615 

.00606 

.00600 

•00592 

.00584 

H 

.00618 

.00608 

,00600 

'OOS9S 

,00589 

.00581 

^B 

*oo6i6 

.00606 

.00599 

*oo594 

.00588 

-00580 

^^ft 

^00615 

*oo6o^ 

•  00598 

•00593 

.00587 

•00579^ 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 

COEFFICIENTS  OF  FLOW  OF  WATER, 

243  1 

TABLE  ] 

[^  0.  61  —(Continued). 

^1 

COEFFiaENTS  OF  FlOW  (f 

V7)  OF  Water  in  Clean  Iron  Pipes  ^^H 

UNDER  Pressure. 

1 

Tujoorr. 

DlAMKTVBS.                                      H 

jlndi 

4" 

6^ 

a" 

10" 

i»" 

..i><«L 

■  J333  ■ 

.s'. 

.666f. 

.8133'- 

J.*/. 

C#«^r^«iL 

1  CMjfciffU, 

C0tJSci^iU, 

C^ficimt. 

CotJitittU. 

C«ejfflcimi, 

.1 

O.C0800 

0.00763 

0.00730 

0,00704 

0.00684 

0.00669 

.2 

.00792 

•00755 

.00724 

.00698 

.00678 

.00662 

3 

.00784 

.00750 

.00720 

,00693 

.00673 

.00657 

-4 

,00780 

.00742 

.00713 

.00688 

.00668 

-00652 

-S 

.00774 

.00737 

.00708 

.00682 

,00663 

.00648 

.& 

.00767 

•00732 

.00702 

.00677 

.00659 

.00642 

7 

.00760 

.00727 

.00697 

.00671 

.00654 

.00638 

.8 

.00754 

.00722 

.00693 

.00668 

.0065 1 

.00633 

9 

,00750 

.00718 

.006S8 

.00663 

.00648 

.00629 

I.O 

.00743 

.00712 

.00684 

,00659 

.00643 

.00624 

L    1.1 

.00739 

,00708 

.00679 

.00654 

.00640 

.00620 

1.2 

•00731 

.00704 

.00674 

.00652 

.00635 

.006 r 7 

«-3 

.00729 

.00700 

.00670 

.00648 

,00632 

.00613 

«-4 

.00724 

.00697 

.00666 

.00644 

,00628 

.00610 

tS 

.00720 

,00693 

.00662 

.00640 

.00625 

.00607 

t.6 

.00716 

,00690 

.00658 

.00637 

.00622 

.00603 

1-7 

.00712 

.00687 

.00655 

.006.53 

.00618 

,0060  r 

1.8 

.00708 

.00684 

,00652 

.00630 

.00615 

.00599 

*  9 

.00703 

.00680 

.00650 

.00628 

,00612 

.00597 

t. 

.00700 

.00678 

.00648 

.00624 

.00609 

•00593 

»  25 

.00690 

,00670 

.00640 

.006 1 7 

.00603 

.00588 

1.50 

.00683 

.00662 

.00634 

,006 1 1 

.00596 

.00581 

2  75 

.00675 

,00655 

.00629 

.00605 

.00590 

'O0575 

3 

,00670 

.00650 

.00623 

.00600 

.00584 

.00570 

3-5 

.00660 

.00640 

,00614 

^00593 

-00574 

.00561 

4. 

.0065 1 

.0063  I 

.00607 

.00586  1 

.00568 

•00553 

5- 

.00636 

.00618 

.00594 

.00573  1 

.00558 

*oo543 

6. 

.00622 

.00605 

.00582 

.00562  ! 

•00548 

.00534 

7' 

*oo6ro 

•00595 

.00572 

.00552 

00540  . 

.00527 

S. 

,00600 

.00587 

.00562 

.00544 

^00532  ; 

.00520 

9- 

•00593 

.00578 

.00555 

^00538  , 

00525 

.00512 

10. 

.00585 

.00572 

00549 

.00530  1 

.00520  1 

.00508 

12. 

.03582 

.00560 

.00540 

.00522 

.00512  1 

.00500 

"4* 

•00573 

'OO554 

*oo533 

.00516 

.00507 

.00494 

16. 

.00570 

.00552 

.00530 

.00513 

.00502 

.00491 

18. 

.0056S 

.00550 

,00528 

.005 1 0 

.00500 

.00488 

»o. 

.00566 

-00549 

,005  ;t5   .00508  1 

.00498 

•00485 

^^^^^^^ 
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TABLE  No,  6  1— (Continued). 

1 

^   Coefficients  of  Flow  ( 

m)   OF  Water  in  ( 

Clean  Cast-Iron^ 

Pipes  under  Pressure. 

1 

^^^    VsLocmr. 

DlA««KTB]i».                              H 

^^M 

14  tncbes 

%e* 

ta^     «/' 

•4^ 

<   ■ 

1.1^  feet. 

1.3J33'* 

t.s'.       t.6«i/- 

B.f/. 

s^is".   V 

■ Ftftprr 

^^L     Stcmui, 

C^fficitmt. 

Cotffieitmi. 

1 

C9iJUi*Mi, 

CfftJSfiemK  ^ 

^^m 

0,00650 

0,00623 

•  ,  ,  , 

.  ,  *  . 

....  ■ 

.2 

.00644 

.00619 

0.00600 

0.00583 

»  .  .  • 

t! 

3 

,00640 

,00614 

.00597 

.00578 

0.00548 

0,00530   m 

•4 

,00634 

. 006 1 1 

.00592 

.00574 

.00544 

.00526  ^M 

•5 

.00630 

,00607 

.00588 

.00570 

.00540 

'^^5^3  m 

.6 

.00625 

. 00603 

.00584 

.00567 

•00537 

.00520  J 

•7 

,00621 

, 00600 

,00580 

.00563 

•00533 

,00517  M 

.8 

,00617 

.00597 

.00577 

.00561 

.00531 

•00515  ■ 

•9 

.00612 

•00593 

.00573 

.00558 

.00528 

.00511  Tl 

^H 

.0 

.00609 

,00588 

.00570 

'  -00555 

.00525 

.00508 

I 

» t 

.,00605 

,00584 

.00568 

.00552 

.00522 

'O0505 

I 

^  *» 

,00601 

.oo58r 

.00564 

.00550 

.00520 

,00503 

1 

3 

,00598 

,00578 

,00561 

,00548 

.00517 

.00500 

I 

4 

-00593 

.00575 

■00559 

.00545 

.00514 

,00498 

I 

5 

.00590 

,00572 

•00556 

005  4 -J 

,00512 

,00495 

I 

6 

,00587 

.00569 

'OO553 

.00539 

,00510 

.00493 

I 

7 

.00584 

.00566 

.00551 

,00536 

.00508 

,00491 

I 

8 

,00582 

.00563 

.00549 

*oo534 

.00506 

.00489 

I 

9 

.00579 

,00561 

.00546 

.00532 

.00503 

.00487 

2 

0 

.00576 

* 00559 

'OO543 

.00529 

.00501 

.00485 

2. 

25 

.00570 

.00553 

.00538 

^0524 

.00497 

.00480 

2. 

50 

,00564 

.0054S 

•00533 

.00518 

.00492 

•00475  ^ 

2. 

75 

•00559 

,00543 

,00528 

.00513 

.OO4SS 

.00472  ■ 

3' 

•00554 

.0053^ 

.00523 

.00509 

.00483 

.0046S  ^^ 

3- 

5 

.00547 

,00529 

.00516 

.00502 

.00478 

^00462 

t  t. 

.00540 

,00524 

.00511 

,00498 

■00473 

,00458 

,00530 

,00515 

.0050  [ 

.00490 

00466 

.00451 

^       6, 

.00520 

.00507 

.00495 

.00482 

.00460 

,00446 

7- 

,00512 

.00500  , 

.00489 

,00476 

.00453 

,00440 

8. 

,00503 

,0049 r  : 

,00483 

.00470 

.00450 

00435  ■ 

9* 

,0049^ 

.004% 

.00478 

.00466 

,00445 

•00431  ■ 

lO. 

' 00493 

.00483  i 

.00473 

,00462 

.00443 

00419  ■ 

12, 

.004^^7 

.00478 

.00468 

.00457 

.00440 

.00429  ■ 

14. 

.00482 

.00473 

.00463 

00452 

.00434 

,00422  ^ 

16. 

,00480 

,00470  1 

,00460 

,00450 

.oo43t 

.00420 

^ 

^ 

^M 

J 

■ 
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^^ 

TABLE    No.    61— (Continued^ 

^^V  C0SFF1CT£NTS   OF    FloW   (i 

w)  OF  Water  in  Clean  CASt-lROif               ] 

P 

Pipes,  or  Smooth  Masonry,  under  Pr£ssuii£.                    ^J 

DlAMBTBU.                                                                                            ^^^k 

^^^H 

^^^^  fStH  0*r 

joloch 

.'t;. 

40- 

3^^* 

■ 

^^^>          V 

CM^itmi, 

C^^£Ui^mt, 

C0eSici*mi, 

C^J^citnt, 

CMffieUtU, 

C^^finVmi.                  1 

^B  -^ 

0,0051a 

0,00497 

0.00476 

.... 

*  ■  .  « 

*  •  • 

V         -5 

.00507 

,00492 

.00473 

0  00436 

0.00420 

0.00400 

I 

.00504 

.00490 

.00471 

.00434 

.00418 

'OO399 

1 

.00501 

.00433 

.00469 

.00432 

.00416 

.00398     ^m 

■ 

.00498 

,00485 

,00467 

.0043  I 

.00414 

•00397      ^1 

■         -9 

.00495 

-0048^ 

.00464 

.00430 

,00412 

.00396        ^B 

^^^      I-O 

.00492 

.00480 

.00462 

.00428 

.00411 

•00395      ^ 

^^H  i-t 

•00490 

.00478 

.00459 

.00426 

.004 1 0 

•00394         1 

^^H      1-3 

.00488 

.00475 

.00457 

,00424 

.00409 

00393         1 

^H    '3 

♦00486 

.00472 

.00455 

,00423 

.00407 

00392 

^H   1.4 

.00484 

.00470 

•00453 

.00422 

.00406 

.00391 

^V  '  s 

.OO4S2 

.00468 

.00451 

.00421 

.00404 

•00390 

P^   I  6 

.00480    1 

.00466 

.00450 

.00420 

.00403 

.00388     ^^ 

'1 

.00477 

.00464 

.00448 

.00419 

.00402 

.00387      ^M 

t.8 

.00475 

.00462 

.00446 

.00418 

.00401 

.0038S  ^^M 

1,9 

•00473 

.00460 

.00444 

.00417 

.00400 

■00385  ^H 

3. 

.00470 

.00458 

.00442 

.004 1 6 

.00399 

.00384     ^m 

a.as 

.00465 

•00453 

.00437 

.00413 

•CO397 

.00382      ^1 

«-5 

.00460 

.00449 

.00432 

.00410 

.00394 

.00380 

a.75 

.00456 

.00444 

.00428 

.00408 

.00391 

.00378 

3. 

.00452 

,00440 

.00424 

.00407 

.00389 

.00376 

3-5 

.00446 

.00434 

.00419 

.00402 

.00386 

•00373 

4- 

•00441 

.00430 

.00415 

.00400 

•00383 

.00370 

5- 

.00436 

.00423 

.00410 

.00395 

.00381 

.00366 

6. 

•00430 

.00418 

.00405 

.00391 

.00377 

.00363 

7. 

.00427 

.00413 

.00401    1 

.00388 

'CO373 

.00361 

8. 

.00422 

.00410 

.00398 

.00384 

.00371 

.0035S 

9- 

•00418 

,00407 

-00395 

.00382 

.00370 

•00355 

10. 

.00415 

.00404 

.00392 

.00380 

.00367 

^00353 

It. 

.00412 

.00400 

.00389 

.00377 

.00364 

,00351 

14. 

.00409 

.00397 

.00386 

•00373  1 

.00363 

•00350      1 

16. 

.00406 

'OO395 

.00383         .00370 

.00360 

00347       ^B 

■-           A 
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TABLE    No.    61-"(Commued) 

j 

■       Coefficients  of  Flow  [m)  of  Water  in  Clean  Cast- 

IRON  FlPB^^H 

OR  Smooth  Masonry,  under  Pressure. 

■ 

^^^-      VmuKtrv. 

DtAMBTlXS.                                                                                 ^^M 

^^H 

54  iflclics> 
4.5  feet 

6«/' 

i^. 

t^.      ■ 

^L^^  fsftj€rsgctmd. 

Cp^j^^mi. 

CfitJUfifrnf, 

Cif^cimt, 

Of€fficUmi, 

Ct^Htmt,               J 

0.00378 

0,00358 

0.00339 

0.00318 

0.00290           ^^k 

^H 

•00377 

•00357 

.00338 

.00317 

.00289           ^1 

^H 

.00376 

,00356 

-00337 

.00317 

.00288     M 

^H 

•00375 

'OO355 

.00336 

,00316 

.00287     ^1 

^B 

.00374 

.00354 

.00335 

.00315 

.00286     ^1 

^^H 

.00373 

.00353 

.00334 

,00314 

.00286     ^1 

^^H 

.00372 

.00352 

.00333 

.00313 

.00285     ^1 

^^^H 

.00371 

.00351 

.00332 

.00313 

,00285     ^1 

^H 

,00370 

.00350 

•00332 

.00312 

,00285     ■ 

^H 

^00369 

-00350 

.00331 

.00312 

.002S4     ^H 

^H 

.00368 

.00349 

.00331 

.00311 

.00284     ^1 

^H 

.00368 

.00348 

.00330 

,0031  I 

.00284     ^1 

^H 

•00367 

.00347       1 

.00329 

.00310 

.00283     ^1 

^H 

,00366 

.00347 

.00329 

,00309 

.002  S3      ^H 

^H 

.00365 

.00346 

,00328 

,00309 

,00283      ^H 

^^H 

,00364 

.00346 

,00328 

,00308 

.00282      ^H 

^H 

.00362 

.00344 

.00327 

,00307 

,00282     ^H 

^H 

.00360 

.00341 

.00325 

.00306 

.oo28r^^H 

^B 

.00358 

.00341 

.00323 

.00305 

,00289^^^1 

^H 

.00357 

.00339 

.00321 

.00302 

,00278  "^^H 

^B 

.00353 

•00337 

.00320 

.00300 

.00276     ^1 

^H 

.00350 

.00333 

.00318 

,00298 

.00274      ^H 

^H 

.00345 

.00329 

.00313 

.00294 

.00272      ^H 

^H 

.00340 

.00324 

.00310 

,00292 

.00268      ^1 

^H 

.00338 

.00322 

.00308 

.00289 

.00266      ^H 

^B 

.00335 

.00320 

.00304 

,00286 

.00264      ^1 

^^ 

.00332 

.00318 

.00302 

.00283 

.00  2  6  i_^^^H 

I 

.00331 

.00316 

.00300 

.00282 

,002  6  i^^^^l 

1 

.00330 

•00313 

.00299 

,00280 

.00260^^^1 

1 

,00329 

,00312 

.00298 

.00279 

,00259      H 

EFFECTS    OF   TUBERCLEa 


247 


2W.  Peciiliarities  of  the  CoelHeieiit  (m)  of  Flow.— 

D  tbe  tables  and  diagraii)  of  coefBcieots  [m]  of  flow  iii  pip«*s, 
s  well  as  in  those  of  coefficients  of  discharge  (c)  through 
rifices,  there  is  variation  in  value  with  each  variation  in 
elocity  of  tbe  jet.  In  the  case  of  pipes,  there  is  also  a 
'^^%rariution  with  the  variation  of  diameter  of  jet,  that  equally 
r  demands  atttmtion. 

It  will  be  observed  in  the  tables  of  experiment  above 

quoted  that  the  coefficient  decreases  as  the  diameter  or 

^ydravJic  mean  radium  increases,  and  also  that  with  a 

^veii   diameter  the  coefficient    decreasf^s  as    the   velocit}^ 

increases;  thus,  with  a  given  low  velocity,  we  may  trace 

^be  decrease  of  the  coefficient  ftoni  0,0128  for  a  half-inch 

3)ipe  to  0,0029  for  a  ninety-six  inch  pipe;  and  with  a  given 

diameter  of  one-half  inch  we  may  trace  the  decrease  of  the 

coefficient  from  0.0128  for  ,5  foot  velocity  per  second  to 

0.0<m322  for  14  feet  velocity  per  second,  and  with  a  given 

diameter  of  96  inches  we  may  trace  the  decrease  of  the 

■!ioefficient  from  0  (Xi29  for  a  velocity  of  .5  foot  per  second  to 

"  0.00259  for  a  velocity  of  14  feet  pt^r  second. 

We  have  then  a  largt*  itinge  of  coefficients  applicable  to 
eleaUj  smooth,  and  stmight  boii^s.  When  tlie  bor«*s  are  of 
coarse  gitiin,  or  are  slightly  tuberculated,  the  mnge  is  still 
g^ieater,  and  the  values  of  coefficients  of  the  smaller  diam- 
eters quite  sensibly  affected  ;  and  if  tlie  bores  are  verj^ 
rough  or  tuberculated,  the  values  of  coefficient  for  small 
diameters  and  low  velocities  are  very  mucli  augmented. 

271.  Effects  of  Tiibt^rcles. — Tliese  effects,  in  tubercn- 
hiU^  pij>e8,  as  compared  with  clean  pipes,  are  illustrated  in 
the  foIlo\^ing  approximate  table,  w^hich  we  have  endeavored 
to  adjust  to  a  common  veliK^ity  of  three  feet  per  second  for 
all  the  diameters*  The  data  for  veiy  foul  pipes  is  how^ever 
scanty,  though  sufficient  to  show  that  the  coefficients  do  in 
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extreme  causes  exceed  the  limits  given  for  the  small  diam^ 
eters ;  and  that  couditiona  from  clean  to  foul  may  occi 
with  the  several  diameters,  that  shall  cover  the  entire  rangi 
from  minimnm  to  maximnm  coefficients,  and  calling  for  a 
carefnl  exercise  of  judgment  founded  upon  experience. 

TABLE     No.    02. 


Coefficients  for  Clean,  Slightly  Tuberculated,  akd  Foul  Pip^ 
OF  Given  Diameters,  and  with  a  Common  Velocity  of  j  feet 


„.s^»o.   (.^jM^^.'^JBg-;'). 


HydrmuHc 

Mean  Rftdtus, 
^    d 

C   "  4 

Diameter, 

ClMJl. 

Slif^htly 
tubcTciOACed. 

Font 

F**t. 

Imktt. 

Cn^.w, 

Or/.,  m. 

tWy.,  m. 

.0104 
.0156 

.0417 
,0625 

\ 

0,00753 
.00745 

....  ,.  . 

*  * 

-M 

.0208 

.0834 

I 

.00734 

0.00982 

«  •  a 

-m 

.031a 

,1250 

•i 

,00722 

.00940 

•  .  . 

■■ 

.0364 

.1458 

li 

.00707 

.00925 

■m 

.0417 

a667 

2 

,00692 

.00910 

0.01400 

,0625 

.2500 

3 

,00670 

.00862 

,01300 

.0833 

'3334 

4 

,00650 

.00825 

.01200 

.1250 

.5000 

6 

.00623 

,00772 

.ot 100 

.1667 

,6667 

8 

.00600 

'OO733 

.00922 

.2083 

.8334 

10 

.00584 

.00706 

.00868 

^2500 

1,0000 

12 

.00510 

.00680 

.00828 

.2917 

1. 1 667 

14 

.00554 

,00657 

.00792 

*3333 

^^3S^3 

16 

.00538 

.00636 

.00760 

•375«> 

1,5000 

18 

.00523 

.00616 

•00733 

.4167 

1,6667 

20 

.00509 

.00598 

.00710 

«5OQ0 

2.0000 

24 

,00483 

.00567 

.00664 

•5625 

2.2500 

27 

.00468 

.00544 

.00635 

.6250 

2.5000 

30 

,00452 

.00525 

.00604 

.6875 

2.7500 

U 

.00440 

.00507 

.00578 

•7500 

3.0000 

36 

,00424 

.00490 

.00554 

8333 

33333 

40 

,00407 

.00466 

.00524 

,9167 

3.6667 

44 

.00389 

.00443 

.00500 

1*0000 

4.0000 

48 

,00376 

.00422 

.00477 

EQUATION    OF    VELOCITY. 
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27ti,  Cla88ifleatiftii  €»f  Pipes  and  tlieir  Mean  Co- 
€9iBcieiitH.^ — In  ordinary  caiciilations,  tin;  iiipan  CMrfficient 
for  luediuui  diameWrs  and  velocities  may  be  taken,  lor  clean 
pipes^  as  .00644  ;  for  rough  or  slightly  tubercidated  pipes, 
as  *0082 ;  and  for  very  rough  or  very  foul  pipes,  as  .012. 
These  ooefBcients  apply  approximately  to  pip^s  of  about 
five  inches  diameter,  when  the  velocities  are  about  tlirce 
feet  per  second,  reference  being  made  to  the  diameter  of  the 
pipe  itself  when  clean. 

273.  Ecinatl<in  of  the  Veloeit>^  Neutralized  liy  Re- 
Htstanee  to  Flow.— Having  now  developed  the  several 
values  of  ifi  as  applicable  to  the  several  conditions  of  pipes, 
we  wiU  again  transpose  our  equation  and  remove  v,  tlie 
member  expressing  velocity  of  flow,  to  one  side  by  itself, 
and  we  have  the  equation  of  velocity  of  flow  : 


or 


'       I  Clm  \ 


1 2qdi )  i 


or 


or 


\   m  ) 


'=<^?fr 


\{4m)i 


or 


t>  = 


i    ml    \ 


In  whicli  Ji*^  the  resistance  head^  in  feet 
I  =  the  length  of  the  pipe,  in  feet. 
d  =  the  internal  diameter  of  the  pipe,  in  feet. 
C  =  the  internal  circiiinference  of  the  pipe,  in  feet. 
4^  =  tlie  sectional  area  of  the  pipe,  In  square  feet. 

r 


i  =  the  sine  of  inclination  ^ 


r  =  the  hydraulic  mean  radius  =  ^  =  ^ , 
ff  =  32.2 


II 
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274.  Equation  of  Resistance  Head.— By  transposi- 
tion again  we  have  the  equation  for  that  portion,  K\  of  lie 
total  head  H  included  in  the  slope  i : 


A"  = 


2g8 


, ,,      (4m)  It^ 


III      '    ^ 

or    A"  =  m —  X  jr— 
r      2g 


(9) 


Let  Cr  represent  the  maximum  ratio  of  h'  to  A,  or  coeflB- 
cient  of  resistance  of  entry  of  the  jet  =  .5055. 

275.  Equation  of  Total  Head.— Then  for  short  pipes, 

or*  ^=(l  +  c.  +  ^^)| 

r      2gll 


and 


also, 


l.o  +  m- 
r 


(10) 
(11) 


V  = 


2gir 


1.5  + (4m  D 


(12) 


The  value  of  Cr  decreases  with  v  and  inversely  with 
increase  of  h". 

276.   Equation   of  Volume. — The  velocity  v  having 
been  ascertained,  we  have,  for  volume  of  flow  q  per  second^ 


and        q  =  .78546?!) ; 


*  Compare  Woishach's  Mechanics  of  Engineering,   translated    by  £.   B. 
Coxe,  A.  M.     N.  Y.,  1870,  p.  870. 


gUBDIVlSIONS  OF  TOTAL  HEAD. 


ISO,  we  tiave 


or 


1 


1.5  -h  4m 


d 


y  =  f5.8<)3 


(13) 


87*.  Eq nation  of  Diameter.— By  transposition  again 
lor  the  value  of  rf,  we  have 


^=d^^''{^-^  + 


4^g} 


<i  =  .4788  j  IM  +  4mJ^\  * 


(14) 


In  this  last  e^^uation  of  d,  the  assistance  of  the  table  of 
locities  for  given  slopes  and  diameters  (p.  259),  and  tlie 
table  of  coefficients,  m,  for  given  velocities  and  diameters 
(§  269,  p.  242),  will  be  required,  since  the  unknown  quan- 
tities d  and  m^  appear  in  the  equation.  The  approximate 
values  of  d  and  m  for  the  given  velocity  can  be  taken  from 
Uie  tables  and  inserted  in  the  right-hand  side  of  the  equa- 
tion, and  a  close  value  of  d  worked  out  for  a  first  approxi- 
mation, and  then  the  operation  repeated  for  a  closer  value 
of  dj  if  necessary, 

278.  Equations  of  lu  1h  ^f  **»*!  ^it  **>i'  **>»*«  pipei^.— 
When  pipes  exceed  one  thousand  diametei-s  in  length  the 
following  simple  formulas  may  be  used,  taking  values  otm 
from  table  61,  page  242,  and  value  of  2g  =  64.4. 


Uf»/  s 


in  which  r,  h'\  and  d^  are  in  iVet^  and  5  in  cubic  feet  jief 
second.  For  equivalent  values  of  d  in  inches  and  in  feet > 
see  table  101,  p.  50L  | 

279,  3Iany  Popular  FomiiilaH  Inconipletep — The 

fact  that  the  majority  of  popular  formulas  for  flow  of  watc 
in  pijies,  a^  usually  quoted  in  cyclopedias  and  text-boot 
r»^fer  to  /?  -f  1i\  or  in  some  cases  to  A  *  only,  and  not  to 
has  led  us  to  treat  the  subdivisions  of  H  more  minutely 
detail  than  would  otherwise  have  been  necessary. 

Serious  errors  are  liable  to  result  from  the  application" 
of  such  hydrodynamic  formulae  by  persons  not  familiar 
with  their  origin,  especially  when  the  problem  includes  a 
high  head  of  water  and  short  length  of  pipe,  ■ 

280.  Formula    of  M.    Cliezy.  — The   formula    of 
M,  Cliezy,  propost^d  a  century  ago*  and  into  which  nearly 


all  expressions  for  the  same  object,  since  introduced,  can 
resolved,  refers  to  A '  only,  or  h' ^h'\  and  not  to  H.*  Wh 


6^1 


stated  in  the  symbols  herein  used,  it  becomes  p 


_Sgh:8U 

\  Clm  \  ' 


*  Sisoe  the  mlue  of  9  must  here  be  fomid  before  h  1=^  ^l  and  k'  are 

known,  h'  baa  aometimL^  been  assumed  for  eimplictty,  to  be  identical  wiili  H, 

ff 

lay  give  a  very  erroneous  value  of  1*  and  conaequenttjr  of  t. 


SUB-HEADS    COMPARED. 
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As  ^  is  intnxluced  io  place  of  2g  in  our  equation,  m'  will 
equal  ^* 

5581.  Various  Populur  Formulas  Coniiiared.— The 
value  of  treatiug  the  question  of  flow  of  water  in  pipes  in 
detail  may  perhaps  best  1x3  illustnited  by  CQmi>nting  the 
Telocity  of  flow  froui  our  pipe  P\  Fig.  35,  as  it  is  extended 
to  different  lengths,  from  5  feet  to  10,000  feet,  by  a  complete 
formula,  with  m  at  its  legitimate  value,  and  then  comi>utuig 
the  same  by  several  prominent  formulas,  in  the  form  in 
which  they  are  usually  quot^xL     (Se<*  Table  No,  63,  p.  254.) 

'^8'4.  Sub^hc'UflH  CoiiiiiartHL— If  we  compute  the  total 
bead,  to  which  the  velocities,  found  by  the  first  fonnula  of 
the  table,  are  due,  we  shall  have  the  sub-heads,  as  follows ; 
when  rf  =  1  foot. 


/,=...««.(„4).|=(,p.(.|).(j|). 


LSNCTHS  m  PSBT. 

5* 

so. 

iqO. 

1000. 

1O4O00 

634^1. 

Si-tix- 

43.1  U. 

i7.3»6. 

}-39«. 

A 

62.542 

31-533 

5. 878 

40.568 
20.487 

38 '945 

2S    863 

H-575 
56-571 

4.694 

2.370 

92.941 

•45* 
.228 

99-330 

H 

loo.o 

100. 0 

100. 0 

100.0 

100. 0 

It  is  here  shown  that  the  values  of  h  and  h*  cannot  be 
fleeted  imtil  the  length  of  tlie  pipe  exceeds  one  thousand 
diameters^  under  the  ordinary  conditions  of  public  water 
supplies. 

In  our  first  length  of  five  feet,  h  is  about  ten  and  one- 
half  times  A",  and  Jt  is  about  live  and  one-half  times  h!\ 
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TABLE     No.    63. 

Results  given  by  Various  Formulas  for  Flow  of  Water  ik 
Smooth  Pipes,  under  Pressure,  Compared. 

Data.— To  find  the  velocity,  given  :  Hetid,  H  =  \co  feet ;  Diameter ^  ^=  x  foot ;  and  LengUa^ 
ly  respectively  as  iollows : 


AUTBOKITV* 


Equmtioii  (is) 
DuBuat    ,... 


Prony  (*)  ... 

"      (*)  .... 

Eytfilweln  (^> 

Sftliit  Vetioaot 
D'Aubuiraoa(d) 

m 

D'Arcy 

LeitUe 

Jackson  ...... 

Hawlulcy-..., 


£^UATIp[ll& 


Lkhctks. 


£kl 


\kmic\ 
(i)*-hyp.I»..(^  *..«)♦ 

4  i 

y  =  C"7*^gi5""  +  rf»69a)*  — .!3ca. , „ ,  341-778 

5'  =  f95T9'''  +  .008133*  — 

,=  J  .__  //- l» 

f  —  14a  (ri)'  —  1 1  iriy *,....,. 

(_ rL n 

i  ,cckoa7736  + —  ( 

^  =  100  S^rt    ., ...»,..,..,..*....... 

9~^itit)^ 

^  =  ^'^^H7T7izP-- 


-.D^pOfl 


67.40 

I 

«B.75B 

611^5401 

2i4.a67 
144*130 
213.607 
MJ.607 
6B.5M 


50  lOO 

feet,  I  fed( 


feet. 


feet. 


*^#Ar< 


51.1  ii|4j.i  II,  17.3965.3^ 
70,7io'sowoooiis*in?  5 
tea.giS  81,510  rj.66a  j 


6».54 


48.446 


70.4^49.798 


?^J67 
5«3i,oo 


S3*9^ 


tS-3^ 
15.641 


3.97«i 

4-77* 

4>B4* 


I 


16,975  5.a«» 

4ala     15.437  4-9*5 
} 
73.68a  51.^47  15,333  4. 5g« 


69  IM 
67.5B9 
470S0 
go-aSj 
€7715 
77.133 
70.710 

70.7'o 
47-0«4 


4^.845  15*184  4'&» 

I  I 

47-S04  iS.ii4  4»7*=^ 

I      ! 
38,750 14,780  4,780 

63.070  iS.9i7  5.507 


47-9 > J  "S-Mo 

54  640  <7'"79 

Sp.QOBr  15  ttt» 

I 
50,000  15^  to 

I 

31.73414,797 


4.791 

S'i*4 


4.804 


In  which  C  =  contour  of  pipe,  in  feet ;  /  =  teo^  of  pfpe»  la  feet 

c  =  unity  for  smooth  pipes,  and      m  =  coegiclcnt  of  flow. 

is  reduced  for  rough  pipes.       r  =  hyJ.  mean  mdiii5,  in  feet,  =  ■ 


d  =  diam.  of  pipe,  in  feet. 
1/  =  entire  head,  in  feet. 
k*'  =  resistance  head,  in  feet. 


.S*  =  sectional  area  of  pipe,  in  square  feeL 
<  =  sine  ii{  IqcIi nation,  in  feet,  =  --•• 
V  =■  velocity  of  flow,  in  feet  per  sec 


In  long  pipes,  snffideiit  r^€dtty  k  coaTeited  into  pr?s- 
euTG  to  reduce  eomewhal  the  ooDtniclioii  of  tbe  Jet  at  its 
eoljunce  into  the  pipe.  In  very  long  pipes  Hae  effect  of  this 
contxBction  becomes  infl%nifirmnt  wfaeo  ccMnpaied  with  the 
vflVct  of  reaction  from  the  walls  of  the  jiipe. 

^^83,  Investigations  by  Du  Boat,  Coloonibv  and 
Prony.— The  investigations  of  Du  Boat  and  Coloomb  kd 
them  to  the  ooncln^oo  that  the  velocity  of  the  fluid  ocea- 
sioned  a  resistance  to  flow,  in  addition  to  tliat  arisii^  from 
the  wet  perimeter  of  a  channel  or  pipe,  which  is  propor- 
tional to  the  simple  velocity ;  and  afterwards  Prony,  coin- 
ciding with  this  view,  undertook  the  investigation  of  the  two 
coefficients  thus  introduced  into  the  formula  of  resistance  to 
flow. 

Since  their  new  coefficient,  0,  applied  to  the  simple  velo* 
city  and  not  to  the  square  of  the  velocity,  as  does  the  co- 
efficient m,  their  expression,  in  our  symbols,  became 


1 


which 


284.  Prony's  Analysin. — Prony  analyzed  the  results 
of  fifty-<me  experiments  to  determine  the  values  of  m  and  fi, 
includiDg  eighteen  experiments  by  Du  Buat  with  a  tin 
pipe  of  about  one  inch  diameter  and  slxtj^-five  feet  long ; 
twen^'Six  experiments  by  Bossut  with  pipes  of  about  one, 
one  and  one-quarter,  and  two-inch  diameters,  and  varying 
in  length  from  thirty-two  to  one  liundred  and  ninety -two 
feet ;  and  seven  experiments  by  Couplet.  Six  of  these  last 
experiments  were  made  with  a  five  and  one-quarter  inch 
pipe,  under  a  head  less  than  two  and  one-quarter  feet,  and 


I 


"one  with  a  oineteen-mch  pipe  with  a  head  of  about  twelve 
and  one-half  feet. 

We  have  quoted  above  (§  269)  eight  of  the  experiments 
by  Du  Buat,  nine  of  those  by  Bossut,  and  the  full  seven 
by  Couplet,  and  in  the  first  two  included  the  extremes  60 
as  to  cover  their  entii'e  range. 

This  was  a  limited  foundation  upon  which  to  build  a 
theory  of  the  flow  of  water  in  pi]>es,  nevertheless  the  attain- 
ments of  this  eminent  investigator  enabled  him  to  deduce 
frora  the  limited  data  hypotheses  which  were  valuable  con- 
tributions to  hydrodyiiamie  science. 

From  thes4f  exi>erinients  Prony  deduced  the  values^  as 
reduced  to  English  measures,  m  =  .0001061473 ;  and  P  — 
.16327. 

385,  Eytelwein's  Equation  of  Resistance  to  Flow, 
— Eytelwein,  investigating  the  question  anew,  and  believing 
the  conti'action  of  the  vein  at  tlie  entmnee  to  the  pipt^  should 
not  be  overlooked,  soon  afterward  modified  the  equation  to 
the  fonuj  j 


I 


E-  ^ .^  =  .00(3085434  |-  (i;*  +  ,2756  v),  (16) 


in  which  c'  refers  to  the  effect  of  the  contraction. 

286,  D'Aiibiiisson*9   Equation  of  Resistance  toj 
Flow. — B'Aubuisson^  more  tlian  a  half-century  later,  hav- 
ing regard  mon3  particularly  to  the  experimenta  of  Couplet^] 
gave  to  m  and  i3  values  as  foUovrs : 

H-~^  .000104392  ^  (d'  +  .180449  v).  (17) 


287.  Weisbaeii^s  Eqnation  of  Resistance  to  Flf>w. 

— ^Weisbach,  availing  himself  of  eleven  experiments  of  hia 
own  with  high  velocities,  and  one  by  M,  Gueymard,  in  ad- 
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ditioo  to  the  fifty-one  above  referred  to,  proposed  the  fol- 
lo^^-ing  formula  as  coincidiiig  better  with  the  i-estdts  of  liis 
observations : 


.017165\  I  7? 


(18) 


This  coefficient  [a  -\-—-.),  which  replaces 4m  in  oiir  sym- 

hols,  is  founded  upon  the  assumption  tlmt  the  resistance  of 
friction  increases  at  the  same  time  with  the  square  and  with 
the  square  root  of  the  cube  of  the  velocity. 

5J88.  Traiispiisitioiis  of  an  Ori^iial  Formula. — 
That  Chezy's  formula  has  been  geuemUy  accepted  as  one 
founded  upon  correct  principles,  we  readily  hifer  by  its  fre- 
quent adoption,  transposition  and  moditicatiou  in  the  w*rit- 
ings  of  many  philosoi>liers  and  hydraulicians.  Note,  for 
instance,  the  second  formulas  (v)  of  Eytehvein  and  U'Au- 
buisson  in  the  above  table  (So.  63),  and  the  formulas  of 
Beardmore,  Blackwell,  Dowiiinp:,  Hawksley,  Jackson,  Box, 
Storrow.  and  others^  which  may  be  i-esolved  into  this  orig- 
inal form. 

289.  Un intelligent  Use  of  Partial  Form nl as-— 
That  serious  eiTors  may  arise  from  an  unintelligent  and 
improper  use  of  these  formulas  is  conspicuously  ajvparent 
in  the  above  table  of  resiilts,  computed  upon  conditions  in 
tlio  very  midst  of  the  range  of  conditions  of  ordinary  nnini- 
cipal  water  supplies,  A  full  knowledge  of  tlie  origin  of  a 
formula  is  essential  for  its  safe  practical  application. 

A  solid  body  falling  freely  in  a  vacuum  tlirough  a  height 
of  100  feet^  acquires  a  nite  of  motion  of  only  about  80.;3  feet 
per  second,  yet  some  of  tlie  formulas  appear  to  indicate  a 
velocity  of  flow^  exceeding  200  feet  per  second,  tlirough  live 
of  pipe,  under  IDD  feet  head  pressure, 
17 
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S90.  A  FomiiUa  of  more  Genenil  Applieiition. — 

AVeisbach  lias  suggested  a  more  comprelieiisive  form  of  j 
expression  whicli  includes  the  bead  generating  the  velocityW 
of  flow  and  the  head  equivalent  to  the  dynamic  force  lost  at 
the  entry  of  the  jet  into  the  pipe,  as  well  as  the  head  balanc* 
ing  the  n?9istance  to  flow  in  the  pipe,  and  therefore  his 
equation  pn^sents  the  equality  between  the  total  head  U, 
and  the  sum  of  the  velocity  and  resistance  heads,  equal 
to  h  +  h-^-h", 

Weisbacli  has  also  developed  a  portion  of  the  values' 
of  m.  H 

391.  Value  af  r  for  Given  Slopes. — We  have  here-  I 
tofoi^  insisted  that  m^  as  inti-oduced  into  the  equation,  shall 
approximate  near  to  its  legitimate  value  for  tbe  given  condi-« 
tions.     Its  value  for  eacli  given  diameter,  or  hydraulic  mean   ■ 
radius,  r,  depends  upon  the  velocity  of  flow^  and  tlierefortij 
upon  the  slope,  s^  genemting  tlie  velocity. 

To  aid  in  the  selection  of  m  from  the  tables  of  ml 
page  242,  we  have  plotted  the  several  velocities  as  ordinatesj 
with  given  sines  of  slopes,  /,  as  abscissas  for  such  experi- 
mental data  as  was  obtainable,  and  have  taken  the  interme- 
diate approximate  values  of  v  from  their  pambolic  curvea 
thus  determined  from  the  experimental  data,  and  have 
arranged  tlie  following  table  of  v ;  which  of  course  refers  to^ 
the  head  h\  balancing  the  resistance  in  the  slope  s. 
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TABLE 

No,    64. 

^^^^^      VSLOCfXlES, 

7%    FOR 

GIVEN  Slopes  and  Diameters, 

For  Clean  Iron  Pipes. 

^^H              H    V 

V2^/r 

/ 

I 

Jl   "   '=('1F)'- 

■((- 

f,)-h  w^ 

^^^H     Siiot^ 

Sim  or 

H  liMJh. 

X. 

1" 

tH** 

i%" 

»" 

,0417  ft. 

.0834'. 

.«y/. 

^^^> 

.1667^. 

l^/^iiy. 

yti«eity. 

Vtixitf. 

V*l9ciiy, 

Vti^citif, 

'          / 

/ir./#rt«:. 

Ft.perMc. 

Ft.  /ffr  j»r. 

Ft.^MC. 

Ft,p€r»ec. 

Ft.p€r^<.                . 
r.184 

^m        X  in  350 

.ocH 



.  *.»  - 

..... 



■        I  **  300 

.005 



.  .» .  . 

1.306 

r.340 

■        1  ''  167 

,006 

..... 

1. 190 

1.360 

r.500 

■             *'    M3 

.cx>7 

«  *.  * . 

•  >. . . 

1.390 

1.453 

1.600 

■             "    t^S 

.o«>8 

1.038 

1. 391 

1.580 

1.730 

■ 

,oog 

.  .•. . 

1.130 

1.480 

i.?oo 

1.870 

■                 foo 

.010 

1.030 

t.240 

1.600 

1.790 

1.980 

■        1   *'     83^3 

.012 

0,8^3 

1. 140 

1.430 

1.730 

1.953 

3.319 

■         1   "     7t  4 

*oi4 

0.910 

1.330 

1.540 

J, 860 

2.130 

2.360 

■         I  "     62.5 

.016 

0.990 

i.340 

J. 640 

2.010 

2.220 

2.500 

K     1  '*   ^s*^ 

.018 

1.050 

1.450 

1.760 

2.100 

2.350 

2,630 

■        1   **     50.0 

.03 

1. 100 

1-518 

i.8n 

3.376 

2.530 

2.800 

■        I   '*     33*3 

*03 

1.440 

1.920 

3.380 

3.810 

3.100 

3.390 

^m       I  **    35.0 

*04 

1 765 

3.398 

3.730 

3.367 

3.694 

4.002 

■            *«     sao 

.05 

3.040 

2,600 

3.050 

3.730 

4.380 

5.020 

■        1  "     16  6 

.06 

2.310 

2.850 

3.4cx> 

4.110 

4.690 

5.500 

■            "     14*3 

.07 

2.490 

3.100 

3.640 

4.420 

5.020 

5.900 

■                       13.  S 

.08 

3.680 

3.300 

3.930 

4730 

5.360 

6,300                    ' 

■ 

,09 

3.850 

3.540 

4.180 

5.045 

5.630 

6.6TO                ! 

■           I    "       10.0 

.10 

3*040 

3730 

4.437 

5.480 

6.009 

6.979                j 

■           I    "        ^.33 

.13 

3320 

4.1S0 

4.900 

6.030 

6.650 

7.490 

■         I  "       7-V4 

^14 

3.460 

4.500 

5.290 

6.535 

7.190 

8,010 

■        I  *'       6,35 

.16 

3.840 

4.825 

5.640 

7,oTo 

7.700 

8.500 

■                     5.S5 

.18 

4-090 

5.108 

5.998 

7.50Q 

8.221 

8.960 

■        1-5.00 

.30 

4.310 

5.4fX3 

6.330 

7.880 

8.690 

9.3S0 

■         I  "       4  00 

.25 

4,830 

6,100 

7.135 

8.770 

9.690    , 

10.430 

■        1   '*       3-33 

.30 

5-35^ 

6.730 

7902 

9.650 

10. 630 

11.380 

H       t  '*      3.50 

.40 

6.260 

7*790 

9,130 

11.225 

12.280 

12.980 

■       1  *•      3  00 

.50 

7.070 

8,818 

10.339 

12.600 

■        t  *'       t.66 

.60 

7.800 

9.790 

11.570 

■                     t-43 

.70 

8,470 

to.  760 

12.710 



..•.-                 1 

H                     t.3S 

.80 

9.140 

11.720 

..... 

•  •. .  *                 1 

■ 

-90 

9.800 

12.600 

■                        KOO  1 

1 

10.390 

...,, 

..... 

•  i  *  t  « 
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TABLE    No.    64  —(Continued). 

Velocities,  v,  for  given  Slopes  and  Diameters. 
For  Clean  Iron  Pipes. 


Slops. 


in 


HIT 

lODO 

909 

S33 

714 

667 

53a 
556 

526 
500 

4SS 
417 

385 

3S7 

333 

2S6 

250 

300 

167 

143 

125 

III 

100 
83.3 
71.4 

&2.S 
55.6 
50.0 

33-3 
25.0 
20.0 
16.6 

14.3 
12.5 
II. I 

lO.O 

8.33 
7.14 
6.25 

5.55 
5.00 
4.00 
3.33 


SLors. 


.   A" 

.{X)09 

.00  ro 
.0011 

.0012 
■0013 

.0014 

.001  s 
.0016 

.0017 
,0018 
.ooig 
.0020 

.QO34 
.0026 

.0028 
.0030 
.0035 
,004 

,00s 
.006 
.007 
.008 

.oog 

.OfO 

.012 

,014 
.016 
.01 B 

.02 
■03 
.04 

.05 
.06 

.07 
.08 
.09 
.10 
.12 

.14 
.16 
.18 
.20 
.25 
.30 


.350  ft. 


'3313'- 


Ft,  ^r  ««:.  Fi.  /er  «r. 


l-4"5 

1480 


1,234 

1,530 

1.410 

1.680 

1.525 

1.7^*0 

1. 710 

2.030 

I-S63 

2.204 

2*020 

2.460 

2.160 

2.670 

2.280 

2.820 

2.42s 

2.960 

2.675 

1,230 

2J80 

3480 

3.070 

3.710 

3-240 

3.91 

3498 

4-134 

4240 

5.160 

5.030 

6.  no 

5-f>74 

6825 

6,213 

7324 

6,785 

7985 

7-250 

8604 

7-775 

9,125 

8.238 

9703 

9.045 

10,625 

9773 

T  1.531 

'0455 

123B3 

H.075 

.  p .  . 

UJ83 

,  . .  < 

i3.28g 

S" 

i* 

y. 

.66.^. 

y^ixiiy. 

Vti^ty. 

Ft.pw^mt^ 

FL^twe. 

* « ■  • 

*  ,  *  « 

.... 

•  ■UK 

•  »    *    ■ 

'■"■} 

♦   •    •    ■ 

1.6^ 

1.6S0 

...    * 

1750 

.... 

i.Soo 

I'SIS 

1^30 

1.600 

1.930 

1-680 

2.01  s 

1.760 

2.110 

1.830 

2.220 

i.g2o 

2.31S 

2.100 

2.510 

2,260 

2.690 

2.5^5 

2.993 

2.790 

3.31S 

3000 

3^615 

3.215 

3-850 

3425 

4.080 

3.670 

4.385 

3-993 

4.7IC* 

4370 

510S 

4.69s 

5490 

4965 

5.825 

5206 

6.175 

6.430 

7.640 

7.560 

9.010 

8479 

10.062 

9,828 

11.020 

io.o6a 

12,020 

10.920 

.... 

11.5S3 

.... 

i2.»3g 

-- 

.... 

.  I « « 

* , , . 

. » ■ . 



.  ..* 

.133  J*. 


Fi.perMs, 


1,610 
1.692 
1.760 
1.840 
1.920 
1,990 
2035 

2.I3S 
2,190 
2.520 
2430 
2525 
2.610 
2.695 
a.910 

3085 
3.420 

3^775 
4.075 
4-370 
4.610 
4.8S0 

5375 
S.8S5 

6325 
6,745 
7.070 
8.730 
10.200 
12  293 


ll?^*^ 

i6ioc3-»-f 

i.8gcCJ^*8* 

2.i4S»-»-^ 
2.2ooc:^*^^*** 

X27ocr>'^P 

3.i4,c^.«^8o 

2.695.^  «^^ 

2.St^  ^  '^ 
^  ^c=-2-? 

3.T4i^^^ 
4,215-S^   Sf 

5.185  ^=^  ^* 

5480 

6.020 

64S5 

6.9S0 

7435 

7.84a 

9  7>S 
11.2&0 
12.669 


p 
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TABLE    No.    64— (Continued). 

n 

^^^ 

Velocities, 

V,   FOR 

Given   Slopes 

AND  Diameters.                      1 

^h 

^ 

For   Clean   Iron   Pipes. 

SiNB  OF 

O1AMBTVB8, 

SUOPB, 

Slofk, 

14  mcli 

t6" 

•0" 

24*' 

n'* 

1.1667  1^ 

«-3333^' 

I.S'. 

1.666/. 

a.o'. 

*.»s'. 

/  =  *^ 

ytioHtr- 

V€hcity. 

Vthcity. 

Vthcity, 

Vtleciiy. 

Vfixitx. 

'          / 

^.p&rttc. 

Ft.prrttc, 

Ft,^t€€, 

Ft.ptr  xec. 

Ft.ptTMtC, 

Ft./er*t€. 

tifi 

2500 

.0004 

•  #  •  ■ 

•  .  .  » 

« .  ■  • 

.... 

•  .  •  « 



I    ** 

aooo 

.0005 

.... 

•  .  «  . 

•  •  •  • 

.... 

.... 

2.080 

t  ** 

1667 

.0006 

.... 

* . .  . 

.... 

1.655 

1.940 

2.105 

t   ** 

142S 

.0007 

♦ .  -  - 

1. 610 

1.755 

1.860 

2,115 

2.285 

1   ** 

1250 

.0008 

1. 610 

1-738 

1.850 

1.99s 

a.  265 

2.385 

I   ** 

mi 

.0009 

I.710 

«'855 

1*975 

2.145 

2.405 

2.580 

I   ** 

tooo 

.0010 

l.Scxj 

1.950 

2.070 

2.25s 

2.530 

2.700 

1    ** 

909 

,0011 

1.895 

2.065 

2.195 

2.360 

2.655 

2.880 

t   ** 

833 

.0012 

1  975 

2.160 

2.295 

2*475 

2.785 

3.000 

1  ** 

769 

.0013 

2.040 

2.275 

2-395 

2.575 

2.9K1 

3*155 

f  ** 

714 

.0014 

2.130 

2.350 

2.500 

2.675 

3*015 

3.2(jO 

1    '* 

667 

.cx)f5 

2.200 

8*425 

2.6u6 

2.775 

3.120 

3.395 

I  ** 

625 

.0016 

2.285 

2.500 

2.685 

2.875 

3.225 

3.515 

I    " 

58a 

,0017 

2*375 

2.590 

2.775 

2.970 

3*366 

3.625 

1    l» 

556 

.0018 

2.430 

2.640 

2.845 

3.050 

3.430 

3-725 

I    '* 

526 

.0019 

2.500 

2.725 

2.925 

3-170 

3*535 

3.825 

t     '* 

500 

.0020 

2.550 

2.810 

3.000 

3*230 

3*640 

3  930 

.    ** 

455 

.0022 

2.700 

2.950 

3.187 

3.500 

3.835 

4.J35 

1  ** 

4*7 

.0024 

2.825 

3*095 

3.320 

3.570 

4.015 

4.335 

I    *' 

385    1 

♦0026 

2.950 

3.230 

3*495 

3-730 

4.2to 

4-530 

1  " 

357 

.0028 

3.080 

3  355 

3.O10 

3.885 

4.388 

4.715 

1     14 

333 

.0030 

3  200 

3*490 

3.755 

4.020 

4.535 

4  905 

I     ** 

286 

*oo35 

3*473 

3.800 

4.060 

4.350 

4.93s 

5*3x5          ^ 

t     ** 

250 

.004 

3*735 

4.060 

4  330 

4.655 

5.290 

5*6<p          M 

t     ** 

aoa 

.005 

4.180 

4-575 

4*901 

5.240 

5*955 

■ 

1    *' 

167 

.006 

4.602 

5  025 

5  400 

5*770 

6.502 

6.975       ^B 

1    '* 

143 

.fx>7 

5.025 

5  485 

5  S44 

6.260 

7*020 

7S20          ^H 

1     *' 

»25 

.008 

5  400 

5*845 

6*275 

6.718 

7.515 

8.045 

I     " 

in 

.009 

5-725 

6,185 

6.625 

7,125 

7.980 

8  545 

1     1* 

too 

.oto 

6,030 

6.515 

7.000 

7.550 

8.410 

9.025 

1     ** 

833 

.Of2 

6*555 

7.124 

7.725 

8  345 

9.240 

10.000 

1    "* 

7M 

.014 

7.120 

7^785 

8.345 

8.935 

10.025 

10.870           ^ 

1    ** 

6t.5 

.ot6 

7.655 

8.330 

8.965 

g.640 

10.790 

■ 

2  *• 

$5.6 

.018 

8.170 

8.900 

9*565 

10.295 

M  5t5 

12.085  ^^m 

I  ** 

50 

.03 

8.667 

9*409 

10. 104 

10.801 

12.238 

....   ^^H 

I  ** 

33.3 

.03 

10.691 

ti.583 

12.369 

13*229 

.... 

..*.  ^H 

I  *' 

H 

*<H 

13,383 

13.445 

. .  * . 

.... 

... . 

^^^^H 

■_                 1 
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TABLE    No.    64~tCo]itinue<L) 

VixocTTiES,  r.  FOR  GivEsr  Slopes  Aan>  DiAXimts. 
For  Cleax   Irox  Pifes^ 


DuJOCTDBi. 

OTK. 

Scare  or 
Scots. 

Sb 

yyiDiA 

sT 

36* 

¥r 

W 

^ 

«.5fc«t. 

^TS' 

V^' 

yssn^- 

>«6j'. 

W. 

/-*^ 

VeUcitj. 

Veimdty. 

I'Aciiy. 

VAciiy. 

V€i0dtj. 

VeUcitj. 

'"   / 

FLperaec 

.  Ft.ptratc. 

Ft.p^^c. 

Ft.permc 

.Pt.ptrmc 

.  Ff./erstc. 

I  in 

5000 

.0002 

, . . , 

.... 

1.457 

1.590 

1. 719 

1.829 

f  ^ 

3333 

.0003 

1.586 

1. 681 

1.797 

I.^ 

2.104 

2.220 

I  ** 

2500 

.0004 

1. 831 

1.962 

2.060 

2.255 

2.420 

2.620 

•    m 

2000 

.0005 

2.085 

2.175 

2.313 

2.530 

2.735 

2.945 

I    ** 

1667 

.0006 

2.235 

2.355 

2.550 

2.8OD 

2.980 

3.200 

I    ** 

142S 

.0007 

2.425 

2.550 

2.796 

3.010 

3.265 

3.475 

I    ** 

1250 

.OC08 

2.617 

2.755 

2.950 

3.225 

3-510 

3.725 

I    ** 

nil 

.0009 

2.745 

2.960 

3.155 

3  415 

3.695 

3.904 

1    ** 

1000 

.0010 

2.895 

3.156 

3.320 

3.605 

3.890 

4.150 

I    ** 

909 

.0011 

3.065 

3.290 

3.525 

3.810 

4.060 

4.375 

I    ** 

833 

.0012 

3.220 

3.415 

3.695 

3.975 

4.260 

4.565 

I    ** 

769 

.0013 

3.355 

3.585 

3.848 

4.150 

4.430 

4.780 

I    •* 

714 

.0014 

3.500 

3.703 

3.995 

4.305 

4.625 

4.936 

I    ** 

667 

.0015 

3  655 

.      3.875 

4.130 

4.490 

4.795 

5.130 

T    " 

625 

.fX)i6 

3.785 

\      4.000 

4.285 

4-645 

4.970 

,      5.295 

I    ** 

588 

.0017 

:    3-915 

i      4.120 

4.445 

4.800 

5. 119 

1      5.450 

I    '* 

55^ 

.0018 

1    4  006 

4.245 

4.595 

4  935 

5.255 

1      5.620 

I    ** 

526 

.0019 

1    4.140 

4.400 

4.725 

5.075 

5.400 

i    5.790 

I    *' 

500 

.0020 

4.235 

4-535  : 

4.880 

5.180 

5.575 

5-924 

I    ** 

455 

.0022 

4.445 

4.759  ' 

5. 115 

5.515 

5.845 

6.230 

I    ** 

417 

.0024 

4.650 

5.000 

5.340 

5.785 

6.095 

'   6.500 

.    tf 

385 

.0026 

4.875 

5.230 

5.575 

6.035 

6.335 

6.780 

.    >« 

357 

.0028 

5  065 

5-435 

5.780 

6.307 

6.590 

7.040 

I    ** 

333. 

.0030 

5.270 

5.660 

5.981 

6.455 

6.850 

7  300 

I    ** 

286 

.0035 

5.695 

6.090  , 

6.500 

7.000 

7.385 

7.990 

I    ** 

250 

.004 

6.080 

6.493 

6.907 

7.495 

7.920 

8.425 

1    ** 

200 

.005 

6.835 

7.260 

7.765 

8.375 

8.845 

9.497 

1    •* 

167 

.006 

7.495 

7.980 

8.480 

9.205 

9.784 

10.415 

«      «4 

143 

.007 

8.o3o 

8.645  , 

9.220 

9.935 

10.585 

11.307 

1     " 

125 

.008 

8.635 

9-245   , 

9.875 

10.610 

11.360 

12.250 

K    ** 

III 

.009 

9.215 

9.800 

10.515 

11.230 

12.150 

1    ** 

100 

.010 

9.720 

10.375 

II. 100 

11.919 

.... 

I    ** 

S3.3 

.012 

10.780 

11.449 

11.720 

.... 

.••• 

.... 

«    tf 

7M 

.014 

11.745 

12.450 

.... 

•  •  •  • 

.... 
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DlAMVTBin. 

Sloi>'k. 

4  5  rc<L 

5.1/. 

s;. 

7.0'. 

r;. 

fV/*rjyy. 

Vrhcit^. 

y*i0eiiy. 

V*Mt,. 

V^i^y, 

/ 

^/.^^rjw-. 

/5f./rrm-. 

FLf*r*€c. 

Ft.ptTMtC 

Ft,p0rstc, 

^*    ill 

iocxx> 

.0001 

1.39* 

1.516 

1. 661 

1.906 

2.144 

^^C    ** 

5000* 

.0002 

I  993 

1.945 

2.039 

2.719 

3.033 

^^t    ** 

3333 

.oof>3 

2.423 

2.653 

2.919 

3.279 

3*749  1 

^K^     n 

2$00 

.0004 

2.837 

3.007 

3.395 

3-779 

4.35^ 

^^t      ** 

,0005 

3,158 

3.441 

3.870 

4.229 

4.880  ^ 

'^^^ 

1667 

.0006 

3.490 

3  785 

3*785 

4.300 

4.600 

5.320 

^^M 

I43S 

.0007 

4.  TOO 

4.670 

4.990 

5.780 

^^fr 

1250 

.0008 

4. OCX} 

4  395 

4.950 

5,400 

6.185 

^K 

till 

,OCX)^ 

4-235 

4685 

5.260 

5.780 

6.60a 

^    ** 

looa 

.0010 

4-550 

4.939 

5.580 

6.  no 

6.97a 

a   " 

90Q 

.0011 

4.760 

5.215 

5.870 

6.583 

7.285 

3  " 

833 

.0012 

4.975 

5*465 

6.120 

6.8S0 

7.600 

1  '* 

769 

.0013 

5.190 

5.680 

6.340 

7.150 

7.9x5 

X   ** 

714 

.0014 

5-400 

5-^35 

6.630 

7.475 

8.250 

X    ** 

667 

.OD15 

5.629 

6.095 

6.859 

7.701 

8.510 

V     ** 

625 

.0016 

5.815 

6.300 

7.080 

8.000 

8.S15 

I       M 

5S8 

.0017 

5-995 

6.500 

7.300 

8.215 

9.100 

I      ** 

556 

.0018 

6,140 

6,685 

7.500 

8.490 

9.360 

1       " 

536 

.0019 

6,300 

6.865 

7.700 

8.725 

9.5»o 

I      ** 

500 

,0020 

6.53a 

7.071 

7.965 

9.049 

9.S75 

t      ^ 

455 

.CX>22 

6.840 

7  435 

8.330 

9.480 

10.400 

I      ** 

417 

,0(^A 

7-135 

7.770 

8.715 

9.880 

10,890 

1       *' 

3^S 

.0026 

7  445 

8.080 

9.060 

10.275 

11.340 

1      ** 

357 

.002$ 

7.740 

8.380 

9,450 

10. 611 

11.780 

fl!     '* 

333 

.0030 

8.060 

8.680 

9.82S 

tl.OOO 

12.175 

X    ** 

386 

.0035 

8.735 

9  370 

10.615 

12.550 

•  •  *  • 

1     ** 

350 

,004 

9.300 

10.060 

11-344 

.... 

»*.. 

1     ** 

SOT} 

,00% 

10.425 

XI. 304 

12.680 

4    •    •    ■ 

*  > « • 

I    " 

167 

.006 

11.47^ 

12.440 

.... 

.... 

• .« * 

__     I 

143 

.007 

12.450 

.... 



.... 

303,  Valuer  of  h  aiul  A'  for  Given  Velocities.— 

In  Table  65  are  given  tbe  values  of  //  and  //'  for  given 
"Velocities,  which  are  to  be  snbtracted  from  II  to  compute 
\he  height  of  the  8h>]>e  balaiieinfr  the  remstance  R. 

The  vehicity  being  known  a]>5)r<jxiniat*'l\%  its  eorrespond- 

ing  m  ft»r  any  given  dianiet<*r  jniiy  be  taken  from  the  table 

of  m,  page  242,  and  inserted  in  the  formida : 


I?  =  ^/it(fB 


(l.6-hm|j  * 
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FLOW    OF   WATER   THBOUGU   PIPES. 


TABLE     No.    65. 

Tables  of  h  and  h  due  to  Given  Velocities,  k  and  K  being 
IN  feet  and  V  in  feet  per  second. 


Velocity. 

k 

k' 

A  +  A' 

Velocity. 

A 

A' 

k^V 

.80 

.010 

.0050 

.0150 

4.47 

.31 

.1565 

.4665 

.98 

.015 

.0075 

.0225 

4.54 

.32 

.1616 

.4816 

1. 13 

.020 

.0101 

.0301 

4.61 

.33 

.1666 

.4966 

1.27 

.025 

.0126 

.0376 

4.68 

.34 

.1717 

.5117 

1.39 

.030 

.0151 

.0451 

4.75 

.35 

.1767 

.5267 

1.50 

.035 

.0177 

.0527 

4.81 

.36 

.1818 

.5418 

1.60 

.040 

.0202 

.0602 

4.87 

.37 

.1868 

-568 

1.70 

.045 

.0227 

.0677 

4.94 

.38 

.1919 

.5719 

1.79 

.050 

.0252 

.0752 

5.01 

•39 

.1969 

.5^69 

1.88 

•055 

.0278 

.0828 

5.07 

.40 

.2020 

.C060 

1-97 

.060 

.0303 

.0903 

5.14 

41 

.2070 

.6170 

2.04 

.065 

.0328 

.0978 

5.20 

42 

.2121 

.6321 

2.12 

.070 

.0353 

.1053 

5.26 

•43 

.2172 

.6472 

2.20 

075 

.0379 

.1129 

5.32 

•44 

.2222 

.6622 

2.27 

.080 

.0404 

.1204 

5.38 

45 

.2272 

.6772 

2.34 

.085 

.0429 

.1279 

5.44 

46 

.2323 

.6923 

2.41 

.090 

.0454 

.1354 

5.50 

47 

•2373 

.7073 

2.47 

.095 

.0480 

.1430 

5.56 

48 

.2424 

•  7224 

2.54 

.100 

.0505 

.1505 

5.62 

49 

.2474 

•7374 

2.60 

.105 

.0530 

.1580 

5.67 

.50 

.2525 

.7525 

2.66 

.110 

.0555 

.1655 

5.73 

•51 

.2575 

.7675 

2.72 

.115 

.0580 

.1730 

5.79 

.52 

.2626 

.7826 

2.78 

.120 

.0606 

.1806 

5.85 

.53 

.2676 

.7976 

2.84 

.125 

.0631 

.1881  ; 

590 

•54 

.2727 

.8127 

2.89 

.130 

.0656 

.1956  1 

5-95 

•55 

.2777 

.8277 

2.95 

•135 

.0672 

.2022  1 

1  6.00 

.56 

.2828 

.8428 

3.00 

.140 

.0707 

.2107  , 

6.06 

•57 

.2878 

.8578 

305 

.145 

.0732 

.2182 

1  ^" 

.58 

.2929 

•$z^^ 

311 

.150 

.0757 

.2257  ' 

6.17 

.59 

•2979 

.8879 

3  16 

.155 

.0772 

.2322  j 

6.22 

.60 

.3030 

.9030 

321 

.160 

.0808 

.2408  1 

6.28 

.61 

.3080 

.9180 

3.26 

.165 

.0833 

.2483 

6.32 

.62 

.3131 

.9331 

3.31 

.170 

.0858 

.2558 

6.37 

.63 

.3181 

.9481 

3.36 

.175 

.0883 

.2633 

6.42 

.64 

.3232 

.9632 

3.40 

.180 

.0909 

.2709 

647 

.65 

.3282 

.9782 

3.45 

.185 

.0934 

.2784 

6.52 

.66 

.3333 

•9933 

3.50 

.190 

.o<;59 

.2859 

6.57 

.67 

.3383 

1.0083 

3.55 

.195 

.0984 

.2934 

6.61 

.68 

.3434 

I  0434 

3.59 

.200 

.1010 

.3010 

6.66 

.69 

.3484 

1.0384 

3.68 

.21 

.1060 

.3160 

671 

•70 

.3535 

1.0535 

3.76 

.22 

.1111 

.3311 

6.76 

.71 

.3585 

1.0685 

3.85 

•23 

.1161 

.3461 

6.81 

.72 

.3636 

1.0836 

3.93 

•24 

.1212 

.3612 

6.86 

.73 

.3686 

1.0986 

4.01 

.25 

.1262 

.3762 

6.91 

.74 

.3737 

1.1137 

4.09 

.26 

.1313 

.3913 

1  695 

•75 

.3787 

I. 1287 

4.17 

.27 

.1363 

.4063 

6.99 

.76 

.3838 

I. 1438 

425 

.28 

.1414 

.4214 

1  7.04 

.77 

.3888 

1. 1588 

4.32 

.29 

.1464 

.4364 

7.09 

.78 

.3939 

1.1739 

439 

•30 

.1515 

.4515 

p 

1 

TABLES    UF 

A    AND 

1 

■H 

TABLE 

No.    6  5— (Continued). 

fl 

^^:i-ES 

OF  A  AND    /t    DUE  TO    GiVEN*    VELOCITIES, 

A  AND 

A'  BEING    ^_H 

I» 

r   VEST  AND  V  IN 

FEET   PER  SECOND, 

^1 

i*.^. 

'i           1 

M 

4  +  *' 

Velocity. 

Jk 

A' 

^          ^M 

^   *I3 

-79 

■3989 

I. 1889 

22.34 

7;75 

3.914 

It. 664       1 

5^    .  i8 

.80 

.4040 

1.2040 

22.70 

8 

4.040 

12,040       ^1 

^     .22 

.81 

.4090 

I. 2190 

23.05 

8.25 

4-166 

12,666       ■ 

^    .26 

.52 

.4141 

1  2341 

23-40 

8,50 

4.292 

12. 793       ^M 

^^  '31 

.83 

.4191 

1.2491    ; 

23.74 

8.75 

4-419 

»^  -35 

.84 

.4242 

1.2642    1 

24.07 

9 

4-545 

13-545            ■ 

■:3r  .4'j 

.ss 

.4292 

1.2792    \ 

24-41 

9.25 

4-671 

13.921           H 

^•44 

.36 

•4343 

1.2943  ; 

24-73 

9.50 

4-797 

14.297          ■ 

-^.4d 

.87 

.4393 

1-3093  ' 

25.06 

9.75 

4.924 

14.674          H 

'^'  53 

.88 

•4444 

1.3244  , 

25.38 

IQ 

5.050 

15-050         H 

g^^.57 

.89 

•4494 

1.3394  i 

25.69 

10.25 

5.176 

15-426    ^^M 

^^^•&i 

.<)0 

4545 

1-3545 

26.00 

10.50 

5.302 

15,802   ^^H 

H^p.65 

.91 

.4595 

1-3695 

26.33 

10.75 

5-492 

16.242   ^^H 

r^-^ 

.92 

»4^46  1 

1.3S46 

26.62 

11 

5.555 

16.555         ■ 

1    ^-74 

.93 

.4696 

1.3996 

26.91 

11.25 

5.681 

16.931         ■ 

1  -7.78 

.94 

•4747 

1.4147 

27.21 

11.50 

5.807 

17.307         ■ 

1  -7  &« 

.9S 

-4797 

1.4297 

27.51 

11-75 

5.934 

17.684         ■ 

1  1^^ 

.96 

.4848 

1.4448 

27.8 

12 

6.oC)0 

18.060         ^M 

I    "7  90 

•97 

.4898 

1.4598 

28.4 

12.5 

6.186 

18.686         ■ 

.9a 

•4949 

1.4749 

28.9 

13 

6.565 

19-565         ■ 

•9^ 

.4999 

1.4899 

29. 5 

13.5 

6.817 

20,317         ■ 

^Hl»03 

I 

.505 

1.505 

30-0 

14 

7-070 

21,070         ^1 

t.97 

>.i5 

.631 

1. 881 

30^5 

14.5 

7.322 

21,822               ■ 

<|.83 

1.50 

-757 

2.257 

31.1 

15 

7.575 

22.575       H 

^0.60 

1.75 

.884 

2.634 

31.6 

15  5 

7,827 

23-327               ■ 

^1,4 

3 

1. 010 

3.010 

32.1 

16 

8,080 

24-080          H 

^1.35 

2,25 

1,136 

3.386 

32.6 

16.5 

8-332 

24.832        ■ 

mz.(^ 

2.50 

1.362 

3.862 

33.1 

17 

8.585 

25.585        ■ 

^3-3o 

2.75 

1. 3^9 

4.139 

33.6 

^1-5 

8.837 

26.337        ■ 

»3-q 

3 

J. 515 

4.515 

34.0 

18 

9.090 

27.090        ■ 

^4.47 

3.25 

1,641 

4.891 

34.5 

18.5 

9 '342 

27842        ■ 

J50 

3.50 

1.767 

5.267      ! 

35.0 

19 

9-595 

28.595       ■ 

1S*S4 

3.75 

1.894 

5^<^44     1 

35.4 

19.5 

9-^47 

29.347        ■ 

16*05 

4 

2.020 

6.020 

35.9 

20 

10,100 

30. 100          H 

16.54 

4-35 

3.146 

6  396 

36*8 

21 

10.352 

31-352          ■ 

17  03 

4.50 

2.272 

6,772 

37.6 

22 

IT,  no 

33.110          H 

X7'4^ 

4  7S 

2.399 

7.149 

38.5 

23 

11.615 

34.^^5            ■ 

I7-*H 

5 

2.545 

7-525 

39.3 

24 

12.120 

36.120            ■ 

lS.-« 

5^n 

2.651 

7. 90! 

40.1 

25 

12.625 

37  625            ■ 

tS.$3 

5.50 

2.777 

8.277 

40.9 

26 

13.130 

39  130            ■ 

19.24 

5.75 

2.904 

8.(^4 

41.7 

27 

13.635 

4^.635           H 

l^^<•l6 

6 

3.030 

9*030 

42,5 

23 

14-140 

42,140           H 

«l>,tT6 

6.25 

3.156 

9.406 

43.2 

29 

14.645 

43.645            ■ 

90,46 

1     6.50 

3.282 

9.782 

43.9 

30 

15.150 

45.150           ■ 

x,.d5 

'     6,75 

3  4^ 

10.159 

47.4 

35 

17-675 

52-675           ■ 

2t.23 

7 

3-535 

10,535 

50.7 

40 

20.200 

60.300          ^M 

2t.&l 

7.25 

3.66r 

10.911 

53.8 

45 

22.725 

67.725           ■ 

8I.98 

7.50 

3,787 

11.287 

56.7 

50 

25-250 

75-250           ■ 

J 

2^3.    ClasHilled    Eqiiatioiis   for   Velocity',  Hefld>j 
Volume,  aiul  Diameter, — The  coefficients  of  flow  fart 
given  slopes  aud  diauieters  being  determined,  they, 
the  coefficients  of  resistance  of  entry  for  different  forms 
entrance,  may  be  introdiic*xi  into  the  classified  eqiiatiot 
for  velocity,  and  their  resolutions  for  head,  volume,  a:ci 
diameter  completed  ;  when  the  equations  will  become,* 


witfl 
iS  <fl 
tio^ 
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aU4.  fJoeffieieutH  of  Eiitraiiee  of  Jet, — Other  values 

'of  c,  for  other  cunditiuus  oi  pipe  eiitnince,  or  other  c(K»f- 
ficienlB  of  velocity  c,,  may  be  taken  from,  or  interpolated 
in  the  foUowmg  table,  computed  from  the  formulas, 


Cr^ 


<^\ 


■*  a 


1 ;        and 


-C-rii)'- 


TABLE     No.    ee. 
Values  of  ^,  and  ^  for  Tubes. 


f.«rr» 

-9B0 

•974 

.lev 
t.t<V 

,91s 

.900 

^7S 

.383 
•.183 

^S 

JiS 

.loo 

.750 

*7*S 

,7» 

.169 
f.169 

•ass 

.469 

1.469 

t.s«>s 

.5«3 
1.S63 

^77a 

i.77» 

1.041 
s.o4t 

295*  Mean  CoeffleieiitH  for  Sinootli,  Koiijrii,  itiid 
Foul  Pipes.— In  ordinary  apijroxiraate  calculations  for 
long  pipes,  it  is  often  convenient  to  select  a  mean  coefficient 
for  medium  diameters  and  velocities,  and  insert  it  in  a  fun- 
damental formula  as  a  constant.  In  such  case  we  may 
select,  say,  for  clean  and  smooth  iron  jiiiH^s,  ,00644  ;  for 
rough  or  slightly  tuberculated  pipes,  .0082  ;  and  for  very 
rough  or  very  f<ml  pipes,  .012. 

These  coefficients  are  applicable  more  particularly  (wit- 
fmsB  table  No.  61)  to  pip^s  of  about  five  inches  diameter 
with  a  velocity  of  flow  of  about  tliree  feet  i>er  second,  and 
to  lengths  exceeding  one  thousand  diameters. 


Since 


Sgr  X 


I 


iliave 


2/7      Wd\\ 


-  J  2,'7  ^  /rrfJ 
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We  may  now  unite  the  constant  2g  =  64.4  and  our 
assumed  constant  coefficients,  and  substitute  their  algebraic 
equivalents  in  tlie  equations : 

2ff  _    64.4 
4m 


(a), 
(c)  . 


=  2600. 


4m 

2.y 


02576 
19  ^  .64,4_  ^  jgg3_^^^ 


.0328 
64.4 


=  1341.6666. 


V  = 


•  4m       .048 
The  equations  will  in  this  case  become : 

|2600  -y\^=  60  ]  ^[*  for  cl««  pipes.  (o) 
|l963.4146^;^}'=  44.31  l^l^'-^^V^"  (b) 
1 1341 .6666^1*=  36.63  I  ^P  for  very  fonlpipee.     (c) 

296.  Mean  Equations  for  Smooth,  Bough,  and 
Foiil  Pipes. — From  these  expressions  of  velocity,  in  long, 
fall  pipes,  the  eqiiations  for  head,  length,  and  diameter 
may  be  deduced,  thus : 


V  = 


A"  = 


50  -j  — ^  >■     for  clean  pipes .  .  {o) 

44.3]  ]     7     f     fordigljtlyrongljpipea.       (J) 
36. 63  ]  -p  [  '  for  very  rough  pipes  .  (c) 

[a) 
.   ...   (J) 


L  (23) 


.0004 


d 
.000508  -J 


.000745 


d 


ic) 


(24) 


MEAN   COEFFICIENTS.  269 


I  = 


d  = 


2600  —  ....        (a) 

1963.4146-^  ....        (6) 

1341.6666-^  .        .        .        .        (c) 


.0004     -^ (a) 

.000508^ (J) 

.000745-^ (c) 


I  (26) 


^   (26) 


In  which,  v  =  velocity  of  flow,  in  feet,  per  second ; 

h"  =  head  in  slope,  or  mean  gradient,  in  feet ; 

I   =  length  of  pipe,  in  feet ; 

d   =  internal  diameter  of  pipe,  in  feet. 

It  is  sometimes  convenient  to  express  the  volume  of  flow 
er  second  in  a  term  of  quantity,  q^  rather  than  in  a  term  of 
elocity. 

Since  v=  ^'  therefore, 

j=&,  =  60«{*5^P  =  39.27  ]*^P 

The  equations,  in  terms  of  quantity  (g),  in  cubic  feet  per 
econd,  will  then  take  the  following  forms  : 


?  = 


39.27         I  -^-  [    for  dean  pipes  .  («) 

34.80      {  -j~  }*  <■»'  "'^Sfi^iy '»««»'  pip*       (S) 

28.77        ]  —T-  [    for  very  rough  pipes    .  (c) 


(27) 
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h'  = 


1  = 


.0006484 

.0008257 

.001208 

Iq- 
d? 

.00064845 

h'd^ 

.0008257 
.001208 

.23034 

.24174 

.2609 

In  which,  q  =  volume  of  flow, 
h"  =  head  in  slope, 
I    =  length  of  pipe,  in  feet ; 
d  =  internal  diameter  of  pipe,  in  feet 


(a) 

(6) 
{0) 

(a) 
(P) 
(c) 

(a) 

(*) 
(c) 


(28) 


(29) 


[  (30) 


in  cubic  feet  per  second ; 
or  mean  gradient,  in  feet ; 


297.  Modification  of  a  Fundamental  Equation 
of  Velocity. — ^The  following  expressions  for  velocity,  con- 
taining the  assumed  constant  coefficient  of  flow  .00644,  are 
equivalent  to  each  other : 

They  are  sometimes  modified  by  another  coefficient, 
thus: 

,  =  ,..|2^|*=60C|^P  =  100CV^       (31) 


VALUES   OF  r\ 
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make  them  conform  more  nearly  to  experiment  for  cer- 
tain classes  of  conditions. 

This  coefficient  (c)  equals  unity  <c  =  1)  in  cases  when 
.00644  is  the  pixjper  coefficient  of  flow  to  embody  in  the 
fundamental  formiila ;  is  greater  than  unity  {c'  >  1)  when 
the  princijial  coefficient  should  be  less  than  .(X)644,  and 
less  than  unity  {c  <  1)  when  the  principal  coefficient  should 
exr<^  JX)644.  Generally,  with  medium  velocities  of  say 
two  and  one-half  to  thref^  feet  per  second,  this  coefficient,  c', 
will  exceed  unity  for  long  clean  pipes  exceeding  five  inches 
<lianiet4*r,  and  he  less  than  unity  for  pipes  of  less  than  five 
inches  diameter. 

31>8,  Value»  of  r',— When  the  legitimate  coefficient,  m, 
is  replaced  by  the  assumed  constant  coefficient  .00644^  then 
approximately, 

tijerefore. 


C, 


c   ^ 


I  10000 w.  j 


2ff  -=r  .M0644(     "   )  10000  w.  f  ^^^^ 

With  a  given  velocity  of  flow  of  say  three  feet  per  second, 

wi  pii>es  exceeding  one  tliousand  diameters  in  length,  the 

veral  values  of  c  for  diflerent  diameters  would  be  approx- 

mately  as  follows : 

TABLE     No.    eea. 
SUBKZOEFFldXNTS  OF   FLOW  (/)  IN   PiPlS. 


4 


Dfuntier. 

c". 

DUmeier 

€', 

IHametcf. 

€*. 

I  inch. 

•930 

6  inches. 

i.ois 

24  inches. 

1.150 

:         M 

.936 

8      •* 

f,03i 

27      " 

I. 170 

1     " 

,942 

10      " 

t.050 

30      **      1 

i*»9S 

«l    •• 

•950 

12      « 

1.060 

33      " 

t.207 

_tj    « 

^960 

14       " 

1.080 

36      •* 

K225 

H' 

.970 

16       •• 

1.09s 

40      *' 

I  245 

ri 

.9S0 

18       •* 

1,110 

44       ** 

t.287 

E*  " 

•99S 

30         « 

i-ias 

4B       « 

t.308 

L 
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Tliese  valueis  of  c  decrease  as  tlie  velocity  of  flow  de- 
creases  from  tlxree  feet  j^er  second,  and  ai\^  uppi-oximateljr 
correct  for  higher  velocities  up  to  ten  feet  jier  second* 

BENDS    AND     BRANCHES. 

290.  Bends. — Tlie  experiments  with  bends,  angles,  and 
contractions  in  pir*ea,  so  far  as  n-corded,  hare  been  witli 
verj^  small  ]>ipe8,  and  the  deductions  therefrom  are  of 
uncertain  value  when  applied  to  tlie  ordinary  mains  and 
distribiiti^)n  pipes  of  public  water  supplies. 

Our  pipes  should  be  so  proportioned  that  the  velocitj^ 
of  flow,  at  an  extreme,  need  not  exeeeil  ten  feet  ])er  second* 
Our  bends  slioiUd  liave  a  radius,  at  axis,  equal  at  least  to 
four  diameters. 

Under  sucli  conditions,  the  loss  of  head  at  a  single  l3end 
will  not  exceed  about  one-tenth  the  lieight  to  wliich  the 
velocity  is  due  (not  includiug  height  balancinc  rrsistnnce 
of  pipe* wall). 

In  such  case,  we  may  for  an  approximation  take,* 


V  =1 


J7  = 


.9 


(33) 


m) 


According  to  this  equation,  if  a  pipe  is  1  foot  diameter, 
1000  feet  long,  and  flowing  with  free  end  under  100  feet 
head,  the  loss  at  one  90'  bend,  whose  axial  radius  of  curva- 
ture equals  4  diametei-s,  \yi]]  be  .47  feet  of  head.  If  therc^ 
are  two  bends,  the  total  head  remaining  constant,  the  loss 


♦  The  meAn  value  of  (1  +  c^)  for  Bliort  pipes  is  1.505. 


at  both  will  not  be  double  tliis  amount,  for  the  velocity 
through  thu  iiiist  will  be  reduced  by  tlie  resit?tance  iu  tlie 
jsiijoud,  and  tiiereibre  the  resistance  iu  the  first  will  be 
reduced  propoHioually  with  tlie  aquart^  of  the  reduction  of 
the  velocity ;  and  a  similar  proportional  induction  of  resist- 
ance will  take  place  in  the  first  and  second  bends  when  a 
third  is  added. 

ht't  r  be  the  velocity  due  to  the  given  head  and  length 
of  pipe  without  a  bend,  and  ?i,  the  velocity  after  the  bend  is 
inserted,  then  the  height  of  head  lost^  hk,  in  consequence  of 

the  bend  is  /h  =  ^ — 5 — ^  and  77—  hi,  is  the  effective  remain- 
ing head. 

After  computing  the  new  value  of  //'beyond  the  first 
bend,  we  may  substitute  that  in  the  equation  to  liiid  the 
new  value  of  z^,,  and  i>roceed  to  deduce  the  value  of//" 
beyond  the  second  bend,  etc.,  or  raise  the  subdi visor  to  a 
l)0wer  whose  index  equals  the  number  of  bends  ;  thus, 


Ho,  of  Befids 

I 

3 

3 

4 

5 

6 

7        8 

9 

10       11 

ta 

Subdivisors. 

'9 

.81 

.656 

.591 

-531 

.47S 

430    '3fi7 

■349 

.314I  .382 

*J»54 

ReciprocAls. 

i.ii 

1.23 

IS^ 

t.68 

1.88 

2,09 

a,33   2.58 

X87 

3^18  I355 
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For  larger  pipes,  or  for  larger  radius  of  curvature,  or 
reduced  velocity,  the  value  of  the  subdi  visor  may  rise  to  .94 
or  .96,  or  even  near  to  unity. 
When  pipes  exceed  one  thousand  diameters  in  lenojth, 
I  the  term  (1  +  Cr)  may  be  neglected,  and  the  equations 
assume  the  followiupj  more  simple  fonns,  iu  which  tlie 
reciprocals  of  the  above  table,  according  to  the  number  of 
hemls,  l)ecome  the  coefli<M<'nts  of  w/> 

i       .^^  XM      hlllmTi^ 


IJlIw 


(36) 


K 


^gri 


In 


which  V  =  the  rate  of  flow,  in  feet  per  second ;  h 
frictional  head  :  and  /  =  the  sine  of  the  inclination. 


(36) 
^  the 
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r  =  the  hydraulic  mean  radius  = 


section 


contour 

m  =  a  coefficient  {:pide  table  of  ^  page  243).    - 
"ig  =  64.4. 

The  experiments  by  Du  Buat,  Venturi,  and  other  of  the 
early  experimentalists,  with  pii)es  varying  fix)m  one-half  to 
two  inches  diameter,  and  more  recent  experiments  by  Weis- 
bach,  have  been  fully  and  ably  discussed  by  the  latter,  in 
"Mechanics  of  Engineering"  and  elsewhere. 

Weisbach's  formula  for  additional  height  of  head,  Aj, 
necessary  to  overcome  the  resistance  of  one  bend,  is 


(37) 


in  which  ziQa  coefficient  of  resistance,  ^  the  arc  of  the  bend 
in  degrees,  and  hf,  the  additional  head  required. 

The  value  of  z  he  deduces  by  an  empirical  formula : 


0  =  .131  +  1.847 


& 


in  which  r  is  the  radius  or  semi-diameter  of  the  pipe,  and  H 
the  axial  radius  of  curvature  of  the  bend. 

For  given  ratios  of  r  to  Ji^  z  has  the  following  values, 
for  pii)es  with  circular  cross-sections. 

TA  BLE     No.    67. 
Coefficients  of  Resistance  in  Bends. 


r 

.1 

.131 
.6 
.440 

•IS 
.133 

.65 
.540 

.2 

.138 

•7 
.661 

■I4S  1  •iSS 
.806    .977 

•35 

.4 

•45 

•5 

■SS 

z 

.178 

.206 

1 
.244  1  .294 

.350 

r 

•8S 

•9 

•95 

I 



z 

1.177 

1.408 

1.674 

1.978 
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;5UU.  BraueheH. — lu  branches,  the  sums  of  the  resisl 
xiacL-a  due  to  the  deflections  of  the  moving  particles,  thi 
c'oulmetioiis  of  8tK!tiona  by  centrifugal  force,  and  the  con^ 
tractions  near  square  edges,  if  there  are  such,  will  for  eacl 
^ven  velocity  vary   inversely  as   the   dianieters    of  the| 
branches. 

Until  reliable  data  for  other  than  small  pipe  branches  is 
dupplied,  we  may  assume  in  approximate  preliminary 
€0tiniates  of  head  requii^ed,  when  the  velocity  of  flow,  under 
pressure,  is  ten  feet  per  second,  a  reduction  of  that  portion 

=  j  at  a  right- 
angled  branch,  equal  to  about  fifty  per  cent*  in  branches  of 
thiee  to  six  inches  diameter  and  thirty  to  forty  per  cent  in 
larger  branches. 

The  equations  then  take  the  following  form  ; 


2ffll 


V  = 


M= 


i 


.8 


^ff 


Tlie  value  of  the  subdi visor  will  be  changed  according 
t4j  the  siM*cial  conditions  of  the  given  case,  and  the  efftx^ta 
of  a  sericH  of  branches  will  be  similar  to  thos*?  above 
described  for  a  series  of  bends,  but  enhanced  in  degree, 

For  long  pipes,  equivalent  injuations  will  be, 


h.606/«f 


h"  = 


2grri 


m 

(41) 


are 
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301.  How  to  Economizo  Head, — ^Tlie  losses  of  head 
and  of  energy  due  to  frictions  of  pipe- wall  and  to  resistances 
of  angles,  contractions,  etc.,  increase  with  the  square  of  the 
irelocity,  and  they  occasionally  consume  so  much  of  the 
head  that  a  very  small  fiuction  of  the  entire  head  onlyJ 
remains  to  genemte  the  final  velocity  of  flow. 

The  losses,  other  than  those  due  to  the  walls  of  thepipes> 
originate  eliieily  about  the  squure  edges   of  the   pipes,^ 
orilices,  and  valves,  whem  contractions  and  their  i-esnlting 
eddies  are  produced,  or  an^  da<>  to  the  centrifugal  forc<?  oiy 
the  partick^s  in  angles  and  Ix^nds. 

Tht>se  losses  about  the  edges  may  bi^  modified  materially, 
even  near  to  zero,  by  rounding  all  entrances  to  the  form  of 
their  vend  eoriiractd^  and  by  joining  all  pipes  of  lessei 
diameter  to  tlie  greater  by  acutely  convei^ig  or  gentlj 
cun  (*d  reducers  (Pig.  102),  so  that  the  solidity  and  sf/m- 
metrical  sevtioii  of  the  column  of  water  shall  not  be  dig 
turbed,  and  so  that  all  changes  of  velocity  shall  he  gradui 
and  itithoiit  af/ifafimi  among  tJie  fluid  particles. 

It  is  of  the  utmost  imi*ortance,  when  head  and  energy' 
are  to  be  economized,  that  the  general  onward  motion  of  j 
the  particles  of  the  jet  be  maintained,  since  whei-ever 
sudden  eontracticm  occurs  an  eddy  is  produced,  and 
wherever  currents  of  diffei-ent  velocities  and  directions 
intermingle  an  agitation  results,  both  of  wliicli  divert  a^ 
j)oi1if>n  of  the  forward  energy  of  the  particles  to  tlie  right 
and  M\  and  convert  it  into  pressure  against  the  walls  of 
the  pipe,  fmm  whence  so  much  reaction  as  is  across  the 
pipe  is  void  of  usefid  efiect,  and  tlie  enei^  of  the  jet  to  a 
like  extent  neutiMliz^^d,  and  so  much  as  is  back  into  the 
api>roaching  column  is  a  twofold  consumption  of  dynamic 
force. 
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CHAPTER  XIT. 

MEASURING    WEIBS,  AND    WEIR    GAUGING. 

302.  Gauged  Volumes  of  Flow* — A  paiiially  sub- 
merged measiuing  orifice  or  notch  ib  one  of  the  upright 
sides  of  a  water  tank,  or  a  horizontal  measuring  ci'est  with 
vertical  shoulders,  in  a  barrier  across  a  stream,  equivalent 
to  a  notch,  is  termed  a  icHr, 

Weirs,  as  weU  as  submei'ged  orifices  (§  206)  are  used 
for  gauging  the  flow  of  water,  and  in  their  approved  forms 
give  opportmuty  to  apply  the  constant  force  and  accelera- 
tion of  gravity,  acting  upon  tlie  water  tiiat  falls  over  the 
weir,  to  aid  in  detf'rmining  tlie  volume  of  its  How. 

The  volume  of  flow,  Q,  equals  the  prcnluct  of  the  section 
of  the  jet  upon  the  weir,  ^S,  into  its  mean  velocity.  F. 

Q^JSV.  (1) 

303.  Form  of  Weir,^ — For  convenience  in  practical 

construction  and  use,  hydraulicians  usually  form  their 
measuring  weirs  with  lioriTOntal  crests,  01),  and  vertical 
ends  ilCand  lilK  Fig,  41. 


Fio,  40. 


Fio.  41. 
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The  theory  of  dow  over  weirs  of  tliis  description  is  more 
a€curdtely  established  by  uumerous  exiieriujental  and  posi- 
tive  measurements,  than  for  any  other  form  of  notch. 

The  head  of  water  upon  rectanguhir  weirs  is  measure 
fi*OTii  the  erest  CD  of  the  weir  to  the  surface  of  still  water,  a 
short  distance  above  the  weir,  instead  of  fi"om  the  centre  of 
pressure  or  centre  *jf  gravity  (§  206)  of  the  aperture,  as  in 
the  case  of  submergiHi  orifices. 

The  weir  is  placed  at  right  angles  to  the  stream^  with  its 
upstream  face  in  a  vertical  plane. 

The  crest  and  vertical  slioulders  of  the  weir  are  cham- 
fered so  as  to  tlare  outward  on  the  diacliarge  side  at  an 
angle  not  less  than  thirty  degn^s*  The  tliln  crest  and 
ends  receiving  the  current  must  be  truly  liorizontal  and 
vertical,  and  truly  at  right  angles  to  the  upper  plane  of  the 

weir,  and  shaii)-edged,  so 
as  to  give  a  contracted  jet 
analogous  to  that  flowing 
through  thin,  square-edged 
plate. 

The  edges  ai'e  common- 
ly formed  of  a  jointed  and 
chamfered  casting,  or  of  a 
jointed  platen  not  exceeding 
one-tenth  inch  thickness,  as  shown  in  Fig,  42. 

304.  DimeiiHioiiH.  —  The  dimensions  of  the  notch 
sliould  be  ample  to  carry  the  entire  stream,  and  yet  not  so 
long  tliat  the  depth  of  water  upon  a  sharji  crest  shall  be  less 
than  five  inches,  and  if  contraction  is  obtained  at  tlie  up- 
right ends,  the  section  of  the  jet  in  the  notch  should  not 
exceed  one  Mth  the  section  of  the  approaching  stream,  lest 
the  stream  approacli  the  weir  with  an  acquired  velocity  that 
will  appreciate  the  natural  volume  of  flow^  through  the  notch* 
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305.  Stability,— Care  is  to  be  taken  to  make  the  foun- 
duticui  of  the  weir  tirm^  the  bracing  siibstaiitiah  and  the 
plunking  rigid,  so  there  sliall  be  no  vibmtion  of  tlie  frame- 
work or  crest,  and  its  sheet  piling  Ib  to  go  deep,  and  well 
ixito  the  banks  on  each  side,  when  set  in  a  stixmni^  so  that 
there  shall  be  no  escape  of  wat4^r  under  or  around  it,  and  a 
firm  apron  is  to  l)e  provided  to  receive  the  falling  water  and 
to  pn»vent  undermining. 

:I06.  Varj  iiij^:  Lengrtli.— L'lXJn  mountain  streams,  it  is 
frequently  necessary  U>  provide  for  increasing  or  shortening 
the  h_»ngth  of  the  weir,  so  that  due  proportions  of  notch  to 
volume  may  be  maintained.  Tliis  may  b<»  aecomplislietl  by 
the  use  of  vertical  stop-phtnks  with  flared  edges,  placed  at 
one  or  both  ends  of  the  weir,  as  at^^.  Fig,  41, 

Sonietinn^s  it  is  necessary  to  make  the  n(*tch  of  the  entire 
width  of  the  stivain,  when  there  will  be  crest  t*ontmction 
only,  and  no  end  contmctions,  in  which  case  partitions  £! 
(Fig.  44)  should  b«?  placed  against  the  upper  side  of  the 

Fin,  48.  Fio.  44. 
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wreir  flush  with  its  shoulders  and  at  right  angles  to  its 
plane.  On  other  occasions  the  weir  may  be  so  long  as  to 
i^uire  intermediate  posts,  i^(Fig.  44\  in  its  frame-work, 
when  intermediate  contrnctions,  one  to  each  side  of  a  j>ost, 
^11  be  obtained,  in  additions  to  the  crest  and  end  contrac- 


tious  J  each  of  which  exert  an  imiDortaiit  diminishing  infl 
ence  upon  tlie  volume  of  flow,  ^ 

307.  End  Coiitraetioiis,— A  .sk/^rt  weir  may  be  d  ™ 
lined,  one  which  is  appiT^ciably  affected  by  end  eontractio^Htf 
throughout  its  entire  length ;  pmctically,  when  the  leng^M 
of  unbroken  opening  is  less  than  about  four  times  tfczai 
depth  of  w^ater  flowing  over.  M 

Tire  end  contractions  affect  a  nearly  constant  lengtli  ^S 
each  end,  for  eacli  given  deptli,  on  long  weirs,  and  suc?^ 
length  increases  with  tlie  depth  of  water  upon  the  weir. 

To  obtain  perfect  end  contractions,  the  distance  froii 
the  vertical  shoulder  to  the  side  of  the  channel  should" 
not  be  less  than  double  the  depth  of  the  water  upon  th^^ 
weir,  ^M 

If  there  is  no  end  contraction,  the  volume  for  any  given 
depth  is  proportional  to  the  entire  length  of  the  weir. 

The  flow%  for  a  given  length,  on  long  weii^,  or  on  weir 
wltliout  end  contractions,  is  proportional  to  a  jxiwer  of  tU^ 
deptli  on  the  weh\ 

308.  CreHt  €oiitraetloiiM,  —  To  obtain  perfect  creg 
contractions,  the  depth  of  water  above  the  weir  should  not 
be  less  than  about  double  tlie  depth  upon  the  weir,  especi- 
ally  wiien  the  depth  flowing  over  is  less  than  one  f(»ot ;  and 
the  clear  fall  below  the  crest  to  the  surface  of  tail  water 
sliould  be  sufficient  to  maintain  a  perfect  circulation  of  aijfl 
in  the  ci'est  contraction,  d  (Pig.  42)»  under  the  jet,  all  along 
the  crest.  Such  supplies  of  air  aiv  to  be  provided  for  at 
ends,  and  at  central  posts,  I^  (Fig.  44),  since  a  vacuum 
under  the  jet  would  defeat  the  application  of  the  ordinary 
formula.  ^^ 

309.  Theorj^  of  Flaw  over  a  Weir.— To  illustrate 
the  deduced  theorj'  of  tlow^  through  rectangular  notches,  \vi 
will  first  consider  a  case  independent  of  contraction ; 
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Fig.  45. 
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Let  a,  6,  c,  eZ,  ^,  /,  etc.  (Fig.  45),  be  orifices  in  the  side 
of  a  reservoir,  at  depths  below  the  water  surface,  respec- 
tively of  1,  2,  3,  4,  5,  6,  etc.,  feet. 

Then  the  velocity  of  issue  of  jet  from  each  orifice  will  be 


F=  V2gH, 
according  to  its  depth,  H^  below  the  surface,  viz.  : 

For  orifice  6,  F  =  V2gi  =    8.03  feet  per  second, 

*'  c,  F  =  V2^  =  11.40  " 

"  d,  V=V2^  =  13.90  " 

«        "  e,V  =  V2g4:  =  16.00  " 

"  f,V=  V^  =  17.90  " 

"  t,  V=  V2g6  =  19.70  " 

«        "  k,V=  V2g^  =  21.20  '* 

"  n,  V  =  i/2^  =  22.70  " 

"  0,  F  =  V2ff{)  =  24.10  " 

«*  p,  V  =  i/2510  =  25.40  " 

Plot  each  of  these  depth,  a,  6,  c,  etc.,  to  scale  upon  the 
same  vertical  line  as  abscisses  and  their  corresponding 
velocities  of  issue,  bb\  cc\  dd\  etc.,  horizontally  to  the  same 
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scale  as  ordinates ;  then  the  extremities  of  Uie  horizofr 
lines  wiU  touch  a  parabolic  line,  a,  h\  d\  p\  wbotie  vert* 
is  at  a,  abscissa  is  ajy,  ordinates  are  bb\  ce\  pp\  etc.,  a^ 
whose  pamraeter  equals  "ig. 

Suppose  now  the  lintels  separating  the  oriiices  are  in- 
finitely thin,  then  the  volume  issuing  per  second  from  eacli 
oiitice  will  equal  a  prism,  wliose  length  and  height  equi 
that  of  the  orifice,  and  wliose  mean  projection  is  equal 
its  ordinate,  hh\  cc\  dd!^  etc,,  or  equals  in  feet,  the  feet 
second  of  velocity  of  issue  from  the  orifice. 

Again,  snppost?  the  partitions  to  be  entirely  remov* 
and  the  tiuid  veins  to  be  iatioitely  thin  and  intinite  in  nu 
ber  as  respects  height,  then  the  velocities  of  the  veins  plol 
ted  to  scale,  will  touch,  as  before,  the  parabolic  line  abd-^ 
and  the  volume  of  issue  per  second  will  equal  a  prism  whoi 
end  area  equals  tlie  ootcli  ap^  and  whose  area  of  projecdi 
equals  the  aiva  of  tlie  ])ambolic  st^gment,  appda 

According  to  well  known  projierties  of  the  parabola^  thi 
segment  appd'a  m  equal  to  two-thirds  its  circumscribing 
parallelogram  Aapp\ 

L(-t  /  be  the  length  of  the  notch,  II  the  lieight  =  ap^  and 
%'%jHihe  length  of  the  segment  =pp  \  then  the  area  of  th< 
circnmscribjig  pai*allelogram   equals  //  x  i2fflf  and  th( 
area  of  tlie  segment  equals  II  x  I  ^2gMand  the  volume 
issue  Q  =  l  X  H  X  i  V2ffH.  (1 

Let  V  be  the  velocity  of  the  film  of  mean  velocity? 
Since  the  volume  of  the  segmental  prism  appda  equal 
two  thirds  of  the  parallolopiped  Ap  of  equal  height,  len; 
and  projection,  it  follows  that  the  volume  of  the  segment 
equals  the  volume  of  a  parallel opiped  of  equal  height  an^ 
length  and  of  J[  the  projection  =  pp\  and  the  mean  veloci 
of  issue, 

The  volume 
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If  the  crest  of  the  weir  is  raised  to /*,  then  let  tlie  lielght 
qfhi*  h^  and  the  velocity  of  issue  of  the  lilni  at  the  (*rest  / 
will  be  %'2f/h,  and  the  volume  of  issue  q  from  tlie  notch  ({f 
will  }}^,  q  =  II  X  h  X  Vh  X  ¥2g. 

If  the  vohiine  q  of  this  segmental  prism  affh'a^  be  sub- 
tracted fmni  tlie  volume  Q  of  the  ^gmental  prism  app'tVa^ 
tilt!  remainder  will  equal  th*-  volume  of  the  prism  fppf  = 
Q  -  y  =  {\l  X  H  X  ^fll  X  f'Sy)  -{\l%Ti  X  ^h  X  ^g)  = 

\l  V^giHYW-hVh).  (3) 

310.  ForiiiiilaM  for  Flow  witliout  and  willi  CViii- 
trartifuiw*  —  The  formida  (2),  Q  =  l  x  if  x  I  V2ff  x  VII 
may  take  the  form  Q  =  4  2^  x  Z  x  IHK  (4) 

Taking  into  consideration  the  complete  contraction  in  a 
rectangular  weir,  we  observe  first,  that  in  addition  to  tlie 
crest  aud  end  contractions,  the  surface  of  the  stream,  Fig.  A% 
begins  to  lower  at  a  short  distance  above  the  weir,  and  the 
jet  assumes  a  downwaixi  curve  over  the  weir. 

Experiments  demonstrntt*  that  the  measurements  ara 
CaciHtated,  both  in  accuracy  of  obsen  atious  aud  in  ease  of 
calculations,  by  taking  the  height  of  water  iipon  the  weir 
to  the  true  surface  level  a  short  distance  above  the  wein 
infitead  of  to  the  actual  surface  immediately  «»ver  the  crest. 
In  such  case  the  top  contraction  has  no  sejmrate  coefficient 
in  the  fonnula  of  volume. 

Exjx'riments  demonstrate  also,  that  a  perfect  end  con- 
traction, when  depths  \\\yox\  the  weir  an*  lK^t^veen  thn-e  and 
twenty-four  inches,  and  length  not  less  than  three  times  the 
f(fven  deptli,  ^vill  n*duce  the  effective  length  of  the  weir  a 
mean  amount,  ajiproxiniately  eqnal  to  one-tenth  of  tlie 
depth  from  still  water  snrface  to  crest. 

If  //  is  this  depth  from  surface  to  cnst,  and  /  the  full 
length  of  the  wein  and  I  tlie  elTective  length  of  the  weir, 
then  one  end  contraction  makes  F=  {I  —  O.liSr) ;  aud  two 
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end  contractions  make  Z'=  (I  —  0.2fl);  and  any  number, 
7?,  of  end  contractions  make  Z'=  (Z  —  O.lnS). 

The  reduction  of  volume  by  the  crest  contraction  is  com- 
pensated for  by  a  coefficient  m  introduced  in  the  formula 
for  theorotical  volume,  as  above  deduced.  This  coefficient 
im)  is  to  be  determined  for  the  several  relative  depths  and 
lengths  by  experiment. 

If  we  insei-t  tlio  factors  relating  to  end  and  crest  contrac- 
tions, the  formula  for  volume  becomes  : 

Q  =  pn  X  V2g  X  {I-  0.1nH)HK  (5) 

The  factors  g  and  V2g  are  constants,  and  for  approximate 
calculations  within  limits  of  3  to  24  inches  depths  upon  the 
\w\i\  m  may  be  taken  as  constant. 

Lot  C  repn^sent  the  product  of  these  three  factors,  then 
r/=  Im  X  V2g. 

The  admirable  experiments  with  weirs*  upon  a  great 
scale,  which  were  conducted  by  James  B.  Francis,  C.  E., 
witli  the  aid  of  the  most  perfect  mechanical  appliances,  in  a 
most  thoi'ough  and  can^ful  manner,  give  to  (7a  mean  value 
of  ;).:]3,  and  we  have  3.33  =  3//?  x  VWf. 

'rrans])osing  and  assigning  to  V'ig  its  numerical  value, 

we  \VA\K\ 

3.33  3.33 

'^^  ^  '~x~8  02")  "  5  35  "^  ^®  ^  mean  coefficient. 

'riie  fonnula  for  volume  of  flow  may  take  the  following 

Ibnns: 

Q^lV2g  X  mil  -  0.1nn)W  =  5.S5m{l  -  0.1nH)H^,     (6) 
or  for  approximate  results, 

Q  =  ca  -  0.1nII)in  =  3.33(Z  -  0.1nH)m.  (7) 

This  last  foramla,  suggested  by  Mr.  Francis,  assumes 


*  Lowell  Hydraulic  Experiments ;  Van  NoBtraiid,  New  York,  1868. 
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lie  dischaip'  i.s  li om  a  reservoir  infinitely  large,  so  that 
die  water  approacliing  has  received  no  initial  vek>city, 

311,  IiirreuMO  of  Valmiie  clue  to  Initial  Velocity 
of  Water. — When  there  is  appreciable  velocity  of  approm^h, 
lei  £r  be  the  section  of  stream  in  tfie  channel  of  approach, 
and  Fthe  mean  velocity  of  flow  in  the  section  S\  and  h  the 
lieiglit  to  which  the  velocity  V'  is  due,  and  Q'  the  volume 
otibanced  by  the  initial  velocity.     Then 

8V=  Q\  and  V=  ^,  and  h  =  ^. 

If  tlie  mt*an  velocity,  F,  is  to  be  detennined  from  the 

surface  motion  of  the  water  in  the  cliannel  of  approach,  let 

V  be  the  surface  motion ;  then,  as  will  l>e  shown  in  the 

ronsi<I(*ration  of  flow  of  water  in  channels  (§  332),  tlie  mean 

velocity  is,  approximately,  eight-tenths  of  the  surface  ve- 


locity, and  V=  ,8  V\  and  h  = 


2ff     • 


Flo»  46. 


Referring  again  to  a  parabolic  segment  of  length  equal 
to  the  unit  of  length   of  weir, 
Fig.  48*  and   let  H  ^  dp,  and 
h  =  ^f/,   and    V2f/H  =  pp   and 

The  ordinate  pp'  of  the  seg- 
ment n/Yi}  is  the  ijrojection  of  a 
pumbolic  segment  whose  volume 
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depth  A'  =  ^j  equals  V2gh'=/f"y  therefore  the  increase 
of  volume  of  flow  due  to  initial  velocity  is  represented  by 
the  volume  aa'tp'/'y  and  the  whole  volume  of  flow  by  the 
volume  apta'. 

This  last  volume  is  the  volume  spt  less  the  volume  saa\ 
and  equals,  for  unit  of  length, 

....     (8) 

Let  Q'  be  the  enhanced  volume,  and  letJJ'  be  some 
depth,  ypy  upon  the  weir,  that  substituted  for  II  in  the 
ordinary  formula  for  Q  would  give  the  value  of  Q. 

The  formula  then,  if  there  are  no  end  contractions,  is 

q^\mlyf2gH\  (9) 

or,  for  approximate  measures,  including  end  contractions, 

if  any, 

Q  =  3.33  {I  -  O.lnlf)  H\  (10) 

To  determine  the  value  of  ZT'  from  {H  +  A),  substitute 
the  value  of  Q'  in  the  equation  (8)  of  volume  for  one  unit  of 
length,  and  we  have 

and  reducing,  we  have 

^'  =  \{H+h)^^B\K  (11) 

K  the  volume  of  flow  {Q  =  Iml  "s/^g  W)  is  known,  and  it 
is  desired  to  find  the  depth  IT  upon  a  weir  of  given  length, 
then  by  transposition  we  have. 


-1 
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or,  in  case  of  initial  velof'ity  in  the  approaching  water, 


H^ 


Q 


(i7nlV2ff 
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(13) 


The  first  of  these  two  values  of  H  wiU  give  results  suf- 
"ficiently  ne^r  for  all  ordinary  practice,  if  the  initial  velocity 
does  not  exceed  one-half  foot  per  second. 

In  the  above  formulas  of  volume  the  symbols  represent 
values  as  follows : 

Q  =  volume  due  to  natural  flow,  in  cubic  feet  per  second. 
I  =  length  of  weir,  in  feet* 
t  =  effective  length  of  weir,  in  fe*^t. 

m  =  coefficient  of  crest  contraction,  determined  by  exper- 
iment, 
M=  observed  depth  of  water  ujK)n  the  weir,  in  feet. 
8  =  section  of  channel  leading  to  the  weir,  in  scjuare  feet? 
V=  mean  vt^locity  of  w^ater  approaching  the  weir,  in  feet 

jier  second. 
h  =  head  to  which  this  velocity  is  due,  in  feet,  _ 

2g  =  64.3896,  or  64*4  for  ordinary  cahuilations. 
B'  =  head  upon  tlie  weir,  when  cornx^ted  to  include  effe 

of  initial  velority  of  approacliing  water, 
^  =  volume  of  flow,  including  eifpct  due  to  initial  velocity 
of  approaching  water. 


312.  Coeffirieiits  for  Woir  Form ulan.  — The  con- 
trolling inrtuence  of  the  contractions  entitle  them  to  a 
d'^^tailed  study. 

In  Mr.  Francis*  formula  for  volume,  quoted  above,  the 
end  contniction  is  assumed  to  be  a  function  of  the  de]>th, 
and  the  crest  contracHon  to  be  compensated  for  by  the 
ro?ffieient  C,  of  which  m  is  the  variable  factor  dependent 
ujKm  the  depth. 
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xperiments  by  different  experimentxUists,  we  suggest  tlie 
I'oilowing  coefficients  I'ur  the  respective  given  depths,  until  a 
fi^ries  of  equal  mnge  shall  be  establielied  by  expeiimentti 
^ith  a  Btiindard  weir  gauge.  At  the  same  time,  we  advice 
tliat  weirs  be  so  projKntioned  that  the  depths  upon  tlitni 
Bhall  conform  to  the  limits  already  covered  by  experiment, 
or  at  least  between 4  and  24  inches  depths,  and  with  length 
equal  to  four  times  the  deptli. 

TABLE     No,    69. 

CoErriciENTS   for  Given   Depths    upon  Weirs    (in  thin  vertical 

plate). 


1  "^ \ 

1       VftlueofiM 

■    v«iu«ur  c..«*. 

..a4ft. 

.1^7  it. 
.6140 

3  in. 

4  in. 
^333  tt. 

.6195 
3-3H 

.300  H- 

.6»3 
3t3»9 

8io. 
.667  a 

40  Ul. 
J.3Mlt 

>3}i 



.... .. 

J6ima 
3^4 

3'3M 

.r 

«S5?:::::: 

Mia. 
f-3a9 

3-330 

3a<» 

tain. 
Mm 

1-J99 

flQin. 
1.667  It 

.«a4i 
3-339 

Mm 

3:5P 

3a  tn 
3014 

48  io. 
4.000  ft. 

.6mo 
33*7 

313.  Discliargres  for  Oiveu  Depths. — The  following 
table  of  approximate  How  over  each  foot  in  length  cf  a 
sharp-cr^^ted  rectangnlai'  weir  has  been  prepared  to  aid  in 
adjusting  the  proijortions  of  weirs  for  given  strt^unvs.     End 
contnuitions  an?  not  here  allowed  for*    The  coefficients  0 
(in  CIW)  are  taken  from  table  above,  and  /  eqnfils  unity. 

The  proportions  of  weir  and  its  ratio  to  section  of  ehun- 
uel  are  here  supposed  to  conform  to  the  general  suggestions 
given  above. 
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TA  BLE     No.     70. 
Discharges,  for  Givbk  Depths  over  each  Lixeal  Foot  of  Weir. 


I« 

f/l 

Hfl' 

^§^  II 

t 

S 

iri. 

i 

i 

t 

nK 

1 

1 

*04 

.0080 

.0361 

.4a 

.3130 

U0386 

1.3 

t.3145 

4.3904 

.OS 

.OtI2 

*0365 

,48 

.3336 

1 .  1073  ! 

1.3 

1 .4832 

4.9506 

.05 

,0147 

.0480 

.50 

.3536 

I. 1771  ' 

1.4 

1  6565 

5  5327 

.07 

•0185 

.0604 
.0738 

.53 

'3750 

1.2483  1 

1-5 

1.8371 

6.1341 

.09 

.0226 

'54 

.39^8 

1.3309 

1.6 

2.0339 

6.7576 

.09 

.0270 

.0881 

.56 

.419* 

1.3951 

1.7 

3*3165 

7.3987 

.10 

.0310 

,1032 

.58 

'44*7 

1.4724 

1.8 

3.41 5*> 

8.0611 

*II 

.0365 

-1195 

.60 

.4648 

>-H7S  \ 

1.9 

3  6190 

8.7431 

.13 

PO416 

.1361 

.62 

.4882 

1.6286  1 

2.0 

2,8284 

9  44«3 

•  13 

.0469 

.1536 

.64  , 

.5120 

1.7080 

2.1 

3-043« 

10.1581 

,14 

.0534 

.1718 

.66 

.53^>2 

1.7888 

2.2 

3.2631 

10.8924 

.15 

.0581 

.1906 

.68 

.5607 

1.8705 

23 

3.4881 

11.6289 

.16 

.0640 

.2103 

.70 

-5857 

1,9540 

2.4 

3.7>St 

12.396a 

^7 

.0701 

.3303 

.73 

.6109 

2.0380 

2-5 

3.9528 

131788 

.18 

,0764 

.3510 

.74 

.6366 

2.1237  1 

2,6 

4.1924 

»3-9773 

.19 

.0338 

.3721 

,76 

.6626 

3.2104  1 

2.7 

4.4366 

14,7915 

.33 

.08^4 

.3938 

.78 

.6889 

2.2996 

3.8 

4.6853 

15.6208 

.33 

.1032 

.3407 

.80 

.7155 

2.3883  J 

29 

4.9385 

16.8486 

•  34 
.36 

.1176 

.38^2 

.83 

.7426 

2,4788 

3.0 

5.1962 

17.3339 

.1335 

.4377 

.84 

.7699 

2-5699 

31 

5.4581 

18.1S09 

.3$ 

.1482 

.4893  ' 

.86 

'7975 

3.6620  ' 

3-2 

5.7243 

19,0676 

.30 

.1643 

.5445 

.83 

.8255 

2.7557 

3.3 

5.9948 

19.9687 

.3» 

.  179^ 

.5999 

.90 

-8538 

2.8500 

3-4 

6.2693 

20.8830 

.34 

.1983 

.6572 

.92 

.8834 

2  9455 

3-5 

6.5479 

21.8110 

.36 

.2160 

.7158 

'^ 

.9114 

3.04^2 

3.6 

6 ,  8305 

22,7525 

'38 

»^342 

.7761  1 

.96 

.9406 

3.1407 

3.7 

7.1171 

23.7071 

,40 

.2530 

.8384  1 

.98 

.9702 

3.3395 

3.8 

7.4070 

24.57t«^ 

.42 

.3723 

.9020 

1. 00 

1  0000 

3-3390 

3.9 

7.70J9 

25.5472^ 

•44 

.29x9 

.9672 

I.I 

1-1537 

3*8523 

4.0 

8.0000 

26.5360 

Tlie  coeffinenis  derived  from  the  experiments  of  Castell 
and  D' Aubuisson,  Du  Bnat,  Poncelet  and  Lebros,  Smeatott' 
and  Brindley^   and   Simpson  and   Blackwell,  have   been 
deduced  by  those  eminent  experimentalists  ta  compensate 
for  all  contmctions.     In  such  cases,  the  ratio  of  length  of 
weir  to  deptli,  especially  where  depth  exceeds  one-fourtJ 
the  length,  and  the  ratio  of  length  tu  breadth  of  channel  bj 
which  water  approaches,  exert  controlling  intlnences  ni>of 
the  coefficient. 
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Tlie  following  table  of  coefficients,  deduced  by  Castel 
sliow  the  iriHueuce  of  depth  and  length. 

In  tlie&e  exiierinients,  Castel  used  for  channel  a  wooden 
trough  2  feet  5  J  inches  wide,  and  the  weir  placed  upon  its 
discharging  end  was  in  each  case  of  tliin  copper  plate. 


TABLE     No.     7  1. 
Weir  Coefficjents,  by  Castel, 


Cahju. 

,  9.497  feet  wide. 

/3P. 

/>. 

/>. 

/». 

/7.        />. 

fit. 

Ft, 

Ft,       Ft, 

/if. 

•  sr 

»4. 

*n 

1.96 

I.6* 

i.f* 

o,9« 

0,6s 

0.3a 

0.16 

0.09     (».o6  i 

0,03 

1* 

O.W5 

0.615 

.....    d.6i9 

t 

I  * . . . 

'5W  ' 

.614 



630 

,©.59*  »    .S94 

.614    o.6w 

.640  '0.670 

•$a 

..  .. 

..„,     .S9S      -594 

,6»3 

.fei« 

64* 

.67. 

'^ 

— "  .595      W» 

.613 

.69B 

.64a 

.674 

•« 

..•* 

®  6P3    *»3        59* 

.fil3 

.6aB 

M^ 

n 

.4... 

...   . 

e.tei 

,604    .«•      .S«t 

.6l9 

.6^8 

tj 

.6,, 

.•4 

6!66« 

-^ 

0.^ 

^ 

•:?4 

.6»i 
.6«> 

*S2  Si  1  Si 

.000    .5^5      .ss^ 

.61s    i     ,6*7 

.6it      ,697 

:3 

.66a 

656 

645 

.63> 

.6n 

.610   .604     .505 

.613       6*8 

.6S« 

7»3 

.6fi« 

6^6 

644 

n 

.6^      .616    .611  ,   ,<97 

.6^1 

,6«) 

.66, 

*•! 

Mt 

.660 

^5 

,63a'     .6«3    .619  1   ,604 

.614 

f^ 

■  ■■  • 

'"^ 

Mj 

6s, 

**♦• 

.6,6       .6,,     ,<»4  i    .^ 

1   .... 

If  we  plf>t  certain  series  of  ejqx^riments  by  Smeaton  and 
Briudler.  Poncelet  and  Lesliro,  Dii  Bnat,  and  Simpson  and 
Blackwell,  and  take  the  corresponding  series  of  cr^efficients 
from  tlie  n^snlting  curves,  we  have  the  following  results  for 
the  given  depths  and  lengths. 

TABLE     No.     72. 
Series  or  Weir  Coefficients. 


1! 

RErcmilENTCKS. 

Ft. 
0.075 

Ft. 

0.1 

OIS     Owl 

Ft. 

Ft. 

Ft.  \  Ft. 
0-*  1  O.S 

/If. 

0.6 

Ft:  Ft. 

Ay. 
09 

Ponc«Iel  rniid  LeiOinfft. . . . 
PoBMt 

11lli|lHi 1  RlAckwrri 

0.5 

•«7 

^7J    Z^ 

,596   .503* 

.;*« 

-ito 

-i>i 
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Witliin  the  limits  of  depttiis  covei-ed  b}'  the  above  experf* 
meats  the  eoefficients  all  increase  as  thi^  depths  decnai^, 
except  in  tlie  last  series  belonging  to  the  10  foot  weh'<  Tlie 
curves  in  each  instance  begin  to  bend  rapidly  at  depths  of 
about  three- tenths  feet.  In  the  two  last  series  above,  the 
convexities  of  the  curves  are  opposed  to  each  other^  and  the 
cuiTes  cross  at  a  depth  of  ,275  feet 

314.  Vaemim  tiucler  the  Credit.— D*  the  partitiouB  E 
(Fig.  44)  are  prolonged  below  the  weir  so  as  to  closi-^  the 
ids  of  the  ciN?st  contmctiou,  and  the  fall  is  slight  to  suiiacu 
of  tail  wat^er,  the  moving  current  will  witlidniw  snllicic  at 
air  from  under  the  faU  to  pjtxluce  a  vacuum  in  the  cit^t 
oontrafitioD,  from  which  will  result  an  increased  flow  over 
the  weir.  Such  vacuum  will  take  place  if  the  surface  of 
the  taO  water  rises  to  the  level  of  the  crest  when  there  is 
two  aud  one-lialf  or  more  inches  depth  flowing  over  the  weir. 

The  tail  water  may  rise  near  to  the  crest  of  the  w;  ir.  if 
no  vacuum  is  produced,  without  materially  aflectlng  the 
volume  of  flow. 

313.  ExampleH  of  Initial  Velocity.— Mr.  Fraud 
found  that  with  a  half  foot  depth  upon  the  weir,  a  lialf  foot 
per  second  initial  velocity  of  approach  incit^ased  the  dis- 
charge about  one  j)er  cent.,  and  with  one  foot  upon  the 
weir,  one  foot  per  second  initial  velocity  increased  the  disr 
charge  about  two  per  cent. 

When  initial  velocity  exists  in  the  approaching  water^ 
and  the  flow  is  irregular,  with  eddies,  results  of  submerged 
obstructions  or  in^gular  channel,  the  channel  should  be 
corrt*ct»^d,  and.  if  necessarj%  a  grating  placed  in  the  stream 
some  distance  above  the  weir,  so  that  the  water  vdW  ap- 
proach with  steady  and  even  flow  upon  each  side  of  tht* 
channel- s  axis^  so  that  connect  measurements  may  be  taken 
of  the  height  of  the  surface  of  the  stream  above  the  weir. 


WIDB-CRBSTBD   WfiZSS. 

Stik  Wlde^Crested  Welm.— If  tJie  cwst.  of  the  wdf 
M  in  the  emee  of  an  uiKhamfeivid  plaiik,  the, 
I  to  OToae  IB  eoofaet  mith  ite  full  crt?st  brradtb,  and  t 
ion  k  dktorted.    Tbi»  is  especiaUy  the 
the  depth  upoD  the  weir  is  leeg  than  three  inches. 

If  the  edge  reoelring  the  cmrent  is  not  a  perfect  aiigkr 
Doi  gnuter  than  a  right-ang!«,  that  is,  if  it  is  worn  or 
ttmnded,  the  jet  tends  to  follow  the  crest  surface  and  dis- 
tort the  contraction* 

In  mkvh  caaea  the  ordiiiEiiy  formnla  are  not  applicable, 
and  the  safest  remedy  i«  to  c^rreet  the  weir* 

When  the  weir  crest  is  about  three  feet  wide,  and  level, 
with  a  rifting  incline  to  its  reet^ving  edge,  as  in  Fig.  47,  Mn 
Prancin  iJUggPHts  a  formula  for  approximate  measnrementi^, 
when  end  contractions  are  snppressed,  for  depths  betwi^ 
mx  and  eightees  tabes,  as  foUowa: 

Q  =  aoi2()e  I  /r**"  (12) 

The  coefficiant  m  ia  here  .668  approximately. 


Fm.  4r 


ykvM^mi^i 


In  Mr.  Blackweirs  experiments  on  weirs  three  feet  wide, 
both  level  and  inclinc*d  downwartl  from  the  receiving  edge 
to  the  dischai^e,  coefficients  m  wei-e  obtained,  as  follows, 
applicable  to  the  formnla 


Q=  ImlV'IgBK 


m 
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TABLE     No.    73. 
COEFFiaENTS    FOR    WEIR    CR£STS    TiIR££    FeET    WiDE. 


i  feet  \ong. 

itei«.           I 

teta.             * 

ercL 

,ofoelte«t, 
lev«L 

ttoft. 

/M. 

m. 

MV. 

M. 

M. 

At. 

■r. 

,ol3 

.452 

*545 

467 

•  • » 

.381 

467 

.167 

^2 

.546 

533 

-479 

■495          < 

.tso 

.441 

-557 

539 

►492 

*  k« . 

, .  * . 

.333 

419 

43] 

455 

497 

* .  * . 

.515 

.417 

-479 

.516 

. . . 

,5J8 

,500 

.501 

.... 

.531 

507 

-513 

.543 

.553 

.488 

^513 

527 

•497 

• .  • . 

,667 

.470 

•49» 

*  1  . 

• « • 

,468 

•507 

.750 

.476 

'492 

•498 

.480 

•486 

.833 

•  •  i  * 

.465 

*455 

.917 

.... 

.467 

■ 

1,000 

....              1 

••  • 

► .  -  - 

— . 1 

n 

HIT.  Triaiigriilar  NotcheB,— Prof.  James  Thomson,  of 
tlu^  UiiiverHity  of  Glasgow,  proposed,  in  a  paper  read  befor 

tlie  Britisli  Association  at  Leeds,  in  1868,  a  triangnhir  foni^»- 
of  ni«nisnring  weir.  In  bis  experiments  with  snch  weir,  thc-?*^ 
dei»tlit^  of  water  varied  from  2  to  4  inches,  and  the  Folume^e-^ 
fVom  .033  to  .6  cnbic  feet  per  second.  From  his  experi- 
ments  he  derived  tlie  fomnila  (with  h  in  inches) 


Q  =  0.317  hi 


il4) 


The  flow  for  all  deptlis  would  be  throngh  similar  tri- 
angles, therefor*^  an  t^minrical  formnla  applies  with  greater 
n*l lability  to  varying  depths. 

Prof.  Tliomson  claimed  that  'Mn  the  proposed  system 
til**  quantity  flov^lng  comes  to  be  a  fnnction  of  only  one 
vjiriable— namely,  the  measnred  head  of  water— while  in 
the  rt*ctangnlar  notches  it  is  a  function  of  at  least  two  vari- 
ables, namely,  the  head  of  water,  and  the  horizontal  width 
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of  the  notch ;  and  is  comnioiily  also  a  funetiou  of  a  third 
variable,  uamely,  the  depth  from  the  crest  of  the  noteli 
dowii  to  the  bottom  of  the  chaunel  of  approacli.'^ 

When  the  stream  is  of  snch  magnitude  as  to  require  a 
considerable  number  of  triangular  notches  (say  of  90*" 
angles,  or  isosceles  right-angled  triangles)  for  a  single  gauge, 
the  greatest  nicety  will  be  requiird  to  place  tlie  inverted 
apices  all  in  the  siime  exact  level,  so  one  measurement  of 
depth  only  may  suffice  for  all  the  notches. 

The  angles  of  the  not4:!hes  in  each  weir  must  conform 
exactly  to  the  angles  of  the  notch  from  which  the  empirical 
farmula,  or  series  of  coefficient-s  for  given  dejiths,  was  de- 
duced. 

For  large  volumes  of  water,  tlie  great  length  required 

for  a  sufficient  number  of  notches,  as  well  as  depth  mquired 

in  pach  notch,  an_^  often  obstacles  not  easily  overcome,  and 

tha  mechanical  retiiiement  0(*ceasary  to  ensure  accuracy  of 

measuremejit  is  often  diffieult  of  attainment. 

IllH,  OliHtaelPH  to  Ac*eiu*ate  Measiu*es.— A  convct 
Bneasuremejit  of  the  deptli  of  water  upon  a  weir  is  not  so 
#3aaily  obra^ined  as  miglit  be  supposed  by  tliose  unpractised 
ill  bydi-aulic  experiments* 

If  the  weir  is  truly  level  and  the  shoulders  truly  vertical, 

'Hfc'liich  are  results  only  of  good  workmansliip,   and  the 

length  intended  to  be  some  given  numl>er  of  even  fe<?t,  tiie 

eUancos  are  that  m\\y  a  skilled  workman  will  have  brouglit 

the  length  within  one,  two,  or  even  tliree-thousandths  of  a 

foot  of  the  desired  length.    Again,  when  the  weir  is  truly 

adjusted  and  its  length  aecumtely  ascertained,  it  is  not 

easy  to  measure  the  depth  upon  the  crest  within  one  or  two 

thousiindths  of  a  foot*  without  excellent  mechanical  devices 

for  the  purpose. 

The  errors  due  to  agitation  or  ripple  upon  the  water  and 
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capillary  attmctioii  of  the  measuring^rud  have  to  be 


If  the  {pmdiiated  meiiBiiring-rod  m  of  clean  wood,  g^ao^ 
?I,  c?o|>i)er5  i»r  any  metal  for  which  water  has  on  affio* 
Hty,  ami   its  surface  is  moifit,  or  is  wetted  hy  ripple,  ibc 
water  will,  in  consequencu  of  capillarity,  rise  upon  it  abuH* 

Kie  true  water  level ;  or  ili  on  the  other  hand,  the  rod  \$ 
■My,  tlie  wattT  may,  iu  ctmsequence  of  molecular  repul- 
bn,  not  rise  upon  it  to  the  true  surface  level. 
These  s5onn.*e8  of  ermr  njay  not  be  of  much  conseqtMm^ 
Bbi  gaugiugs  of  mountain  streams,  when  the  only  objed^^f 
Bto  ascertain  approxiDiat^^y  the  flow  from  a  given  watershed ;  f 
Hbut  in  nieaj^urements  of  power,  and  in  tests  of  motors,  tm^ 
^bines,  and  pumps,  they  are  of  consequence* 

Upon  a  weir  ten  feet  long,  witli  one  foot  depth  of  wat«^ 
flowing  over,  an  error  of  one-thousandth  of  a  foot  in  mens- 

Inrement  of  depth  will  aflfect  the  computation  of  flow  about 
0.3(>  rnbic  feet  per  minuUs  and  an  error  of  one-thousandth 
of  a  foot  ^about  g*^  of  an  inch)  in  length  will  afl<^t  the  com- 
putation about  two-tenths  of  a  cubic  foot  per  minute. 
These  amounts  of  water  upon  a  twenty-five  or  thirty  foot 
fall  would  liave  quite  appreciable  eflects  and  value, 

»,I19,  Hook  Gau^e.^ — A  veiy  inginiioiis  and  valuable 
instrument  for  accurately  ascertaining  the  true  level  of  tbe 
water  surface,  and  depth  u^Km  a  wc^ir  to  stiU  water,  was 
invented  by  Uriah  Boy  den,  €.E.,  of  Boston,  and  used  by 

I  him  in  hydraulic  experiments  as  early  as  the  year  1840, 
This,  sho>™  in  one  of  its  forms,  in  Pig.  48,  is  commonly 
termed  a  hoijk  f/tiuffe, 
Tlds  gauge  renders  capillary  attraction  a  usefiil  aid  to 
detect  error,  instead  of  being  a  troublesome  source  of  error. 
The  instmment  is  firmly  secured  to  solid   substantial 
^•beams  or  a  masonry  abutment,  so  that  it  will  be  suspended 
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Fig,  48, 


(d 


♦Hi 


over  the  water  cliaiinel  a  few  feet  up- 
stream  from  tlie  weir,  and  wliere  the 
water  surface  is  protected,  naturally 
or  artificially,  from  the  influence  of 
wind  and  t^ldies.  Tlie  gauge  is  here 
adjusti*d  at  such  a  lieight  that  when  it 
reads  zero  the  j>oint  of  the  liook  shall 
accurately  coafonu  to  the  level  of  the 
crest  of  the  weir ;  or  the  veniier  reading 
is  to  be  taken,  with  the  hook  at  tlie 
exact  weir  level,  for  a  correction  of 
future*  readings. 

This  corrt^ction  is  to  l>e  verified  as 
occasion  i*eqiures  between  successive  ex- 
pieriments. 

WTien  the  full  flow  of  water  over  the 
w^eir  has  become  imiform,  the  hook  is 
to  be  carefully  raised  by  the  screw^  mo- 
tion, until  the  point  just  reaches  the 
surface  of  the  water.  If  tlie  |ioint  is 
lifted  at  all  above  the  water  surface,  the 
water  is  lifted  with  it  by  capillary  at- 
traction, and  tlie  reflection  of  light  from 
the  water  surface  is  distoiled  and  reveals 
the  fact  The  screw  is  then  to  be  re- 
versed and  the  point  slightly  Inwrrrd 
to  the  true  surface. 

In  ordinary  lights,  diffei^nces  of 
O.Ml  of  a  foot  in  level  of  the  wat^T  are 
easily  detected  by  aid  of  the  hook* 
and  even  0.0001  of  a  foot  by  an  expe- 
rienced observer  in  a  favorable  light. 
Such  gauges  are  ordinarily  gmdu- 
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ated  to  hundredtlis  of  a  foot  and  are  provided  witli  a  re: 
iiier  indicating  thousandths  of  a  foot^  and  fractious  of  ilii^ 
last  measure  may  be  estimated  with  reliability. 

320,  Riile  Oaugpe.  —  For  ix)ugher  and  approximal 
nif*asures  a  post  is  set  at  an  accessible  point  on  one  side 
tlie  channel,  above  the  weir^  and  its  top  cut  off  level  at  tb 
exact  level  of  tlie  weir  crest. 

The  dei>tli  of  the  water  is  measured  by  a  rule  placed 
vertically  on  the  top  of  this  iK)st  and  observed  with  care, 

321.  Tube  and  Scale  Gauge. — For  summer  meaj 
tires,  a  inpt*,  s^iy  three-fourth  inch  lead,  is  passed  from  th 
dead  wattn-  a  little  above  the  weir,  through  or  ai-ouud  th( 
weir,  and  connected  to  a  vertical  glass  water  tube  set  below 
ttie  weir  at  a  convenient  i>oint  of  observation.    In  such  c-as© 
a  scale  with  fine  graduations  is  fastened  against  the  glai 
witli  its  zero  level  with  the  w^eir.     With  siicli  an  arrange- 
ment quite  accurate  observations  can  be  taken,  as  th^ 
water  in  a  thi-ee-quarter  inch  tiilm  will  rise  to  the  level  of 
the  water  above  the  weir  over  the  open  month  of  the  tube, 
due  precaut'ms  being  taken  to  keep  sediment  out  of  the 
tube, 

321a.  Weir  Volumes,— Table  No.  70,  page  290,  has 
been  computed  with  a  variable  (7,  as  in  table  69,  as  is  proper 
for  close  accuracy.  Table  73a  gives  results  more  in  detail, 
but  is  computed  with  a  constant  coefficient,  by  Ibrnmla  No.  7, 
page  284,  for  each  hundredtli  of  foot-deptli,  from  0.2  fit,  to 
3.0  ft.  The  internu^diate  thousandths  of  a  foot-depth  ma; 
readily  be  intei'polated* 
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^^^^^^^^^^^T  ABLE                                                               ^^H 

^^^^^                          Computed    Wejr     Volumes.                          ^^^^| 

On  sharp  crest,  Q  =  3-33  (Z  —  o,  i  w  N)//^  (§  310,  p.  284),  for  each  Imeal^^^H 

foot  of  weir.                                                           ^H 

(See  aim  fcwl  note  pRge  389.  fur  effect  of  contractions.)                                   ^^B 

S^' 

Ma 

.01 

xn 

<»s 

M4 

.05 

.06 

t07 

.08 

-:■ 
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I            If  there  is  velocity  of  approach  (§  311,  p.  285)  divide  the   H 

■      weir  volume  as  above  by  sectiun  of  channel,  in  square  feet,    ^M 

1      for  approximate  velocity  r.    Hieu  the  additional  depth  on   ^M 

^BMeir  due  to  this  vehicity  is  A  =  {d^  4-  64.4).     Add  to  tlie        ' 

^^TDeasiired  dt»pt!i  1.5  k  for  the  corrected  depth  on  weir,  and 

1     tltei]  take  tlie  volume  from  the  above  table  for  the  coirecteil 

K     di'pUi,  or  for  closer  accuracy  compute  by  formula  No*  10,   ^M 

^^feage  286,  with  coeflicient  from  tabh?  69.                                      H 

^^^      The  coefficient  of  k  (L5)  becomes  2,05  approximately    ^M 

1      when  there  is  veh>city  of  approacli  with  end  contraction,        ^M 

CHAPTER  XT. 

FLOW    OP    VVATEB    IX    OPEN    CHANNELS, 

322.  Gravity  the  Origin  i>f  Flow,— Granty  tends  to 
c^Ufie  motion  in  all  bodies  of  water.  Its  effects  upon  tiie 
flow  of  water  under  pressure  have  been  already  discussed 
i^CUap*  XIIl),  as  have  also  the  effects  of  the  reactions  and 
cohesive  attractions  tliat  ivtard  its  flow. 

The  same  influences  control  the  flow  of  water  in  open 
channels. 

Tlie  fluid  particles  are  attracted  toward  the  earth's 
eontiv  along  that  path  where  the  least  I'esistance  is  op- 
ixised. 

An  inclination  of  water  surface  of  one-thonsandth  of  a 
foot  in  one  foot  distance  leaves  many  thousand  mok^cules 
of  water,  but  partially  supported  upon  the  lower  side,  and 
^ey  fall  freely  in  that  din^ction,  and  by  \nrtue  of  their 
Weight  press  forward  the  advanced  particles  in  lower  planes. 

Fto.  49. 


If  watnr  is  aduiitted  from  the  reservoir  ^4,  into  tlio  open 

mal  Ji  (Fig,  49),  until  it  rises  to  the  level  bb\  it  will  there 

ind  at  rest,  although  the  bottom  of  the  channel  is  in- 

for  it^  Bur^e  will  bu  in  a  liorizontal  plane.    The 
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resistances  to  motion  upon  opposite  inclosing  sides,  ami 
also  upon  opposite-  ends,  balance  e^ach  other.    Tlie  alge- 
braic  sum  of  horizontal  reactions  trom  the  vertical  end  W, 
is  exactly  equal  to  the  sura  of  the  horizontal  reactions  from 
the  inclined  hottora  db\  for  the  vertical  projection,  or  trace 
of  the  inclined  area,  dh\  exactly  equals  the  vertical  area  bd, 

Tlie  same  equilibrium  would  have  resulted  if  the  bot- 
tom had  been  horizontal  or  inclined  downward  from  d  to/, 
and  a  vertical  weir  placed  at/ 6',  for  the  horizontal  reactioa 
from/6'  would  have  been  balanced  by  the  sum  of  the  hori- 
zontal n^actions  from  bd  and  df. 

A  destruction  of  eqnilil)rium  i>ermits  gravity  to  generate 
motion. 

I  If  a  constant  volume  of  water  is  permitted  to  flow  from 
the  reservoir  A  into  the  channel  B^  the  w^ater  surface  will 
le  above  the  level  hb\  when  there  will  be  less  resistance  at 
:he  end  b'  than  at  &,  and  the  fluid  particles,  impelled  by  the 
force  of  gravity,  will  flow  toward  6',  When  motion  of  the 
water  is  fully  established,  and  the  flow  past  b'  has  become 
uniform,  there  will  result  an  inclination  of  the  surface  from 
a  toward  a\  This  inclination,  being  a  resultant  of  a  con- 
stant force,  gravity  may  be  used  as  a  measun?  of  the  por* 
tion  of  that  forc^  that  is  consumed  in  maintaining  the 
velocity  of  flow. 

323»  Resistances  to  Flow.— Let  the  channel  be  ex- 
tended from  b  (Fig.  49)  indetinitely,  and  with  uniform  in- 
clination, as  from  a  to  I*  (Pig.  60).  Some  resistance  to  flow 
will  be  presented  by  the  roughness  and  attraction  of  the 
sides  and  bottom  of  the  channel. 

If  the  sides  and  bottom  are  of  uniform  quality,  as  re- 
spects smoothness  or  roughness,  the  amount  of  their  resist- 
ance in  each  unit  of  length  will  be  proportional  to  the  sum 
of  their  areas,  plus  the  water  surface  in  contact  with  the 
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air  reduced  by  an  experimental  fractional  coefficient ;  and 
to  tlie  square  of  the  velocity  of  tiow  past  tbem ;  and  in- 
versely to  the  section  of  the  stream  tiowing  patst  tbem* 

The  exact  resistance  due  to  the  air  perimeter,  has  yet  to 
be  separated  and  classifit^d  by  a  series  of  careful  experi- 
ments, but  we  may  assume  that  the  resistance  of  calm  aii 
far  each  unit  of  free  surface  will  not  exceed  ten  per  cent,  of 
that  for  like  units  of  the  bott^nn  and  sides  of  sinooth  chan- 
nela,  and  will  bear  a  less  ratio  for  rough  channels. 

The  air  perimeter  resistance  will  be  increased  by  oppos- 
ing and  lessened  by  following  vrinds. 

Let  R  be  tlie  sum  of  resistances  from  the  sides,  bottom, 
and  surface,  in  foot  pounds  per  second  ;  C\  the  contour,  or 
wetted  area  of  sides  and  bottom,  and  c.  the  width,  or  sur- 
fece  perimeter,  in  square  feet ;  S,  the  sectional  ai^a  of  the 
stream,  in  square  feet ;  and  %  the  mean  velocity  of  flow  of 
the  stream,  in  feet  per  second  ;  then  we  have  for  equation 
of  resistance  to  flow,  from  sides,  bottom,  and  surface,  for 
one  unit  of  length  : 


R  = 


O  4-  .Ic, 


X  {m)  ^- 


^ 
% 


and  for  any  length,  /,  in  lineal  feet, 
C  ^  Ac. 


Ii  = 


S 


2g 


(1) 


(2) 


324*   Equations   of   Re8lNtance    and   Veliicity*— 

l^Vhen  the  surface  of  the  water  is  level  the  entire  force  of 
gravity  acts  through  it  as  pressure,  but  when  the  surface  is 
inclinedn,  a  portion  of  the  pressure  is  con  veiled  into  m  of  ion. 
Motion  is  measured  by  its  rate  or  distance  passed  tiirough 
in  the  given  unit  of  time,  and  the  mte  is  expressed  by  the 
tenn  mlocity. 
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In  Pig.  50,  let  a'k  be  the  iDclinadon  of  the  water  smface 
in  a  unit  of  length  of  tlie  stream,  tlien  a'lr  will  be  its  ver- 
tical distance  and  k'k  its  horizontal  distance, 

Tlie  effective  action  of  gravity  g  to  maintain  motion, 
velocity  of  the  water,  is  dependent  on  this  slope,  and  thdl 
8loi)e  is  usually  indicated  by  a  ratio  of  the  vertieai  distanm^ 
to  the  horizontal  distance. 

Fio.  50. 


Let  A"  Ix^  the  vertical  distance   a"A'  and  I  be  tht*  hori-^. 
zontal  distance  k'k,  and  i  the  slope,  or  sin^  of  the  incl 

tion,  then  the  ratio  of  slofie  is  /  —  -,-• 

If  the  sides  and  bottom  of  the  channel  opposed  no  resist 

ance  to  flow,  tlien  the  velocity  c  should  be  accelerated  in' 

the  length  Va-  an  amount  equal  to  the  i^2gh'\h\it  the  flow 

being  uniform,  the  sum  of  the  resistances  in  I  just  balan 

the  ucct derating  force  of  gravity  //,  and  the  velocity  r  eon 

tinups  from  a'  to  k  at  tlie  same  rate  that  had  already  beea^ 

established  when  the  str^^am  reached  a',  which  was  due  to 

some  height  aa'  =  // 

By  transposition,  we  have  v  =  V2gk. 
If  tlie  sum  of  the  resistances  in  the  length  kk  balance 
the  acce^ 
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The   inverted    fractional    term    75— — ^  —  ^i   ^^  *   is 

termed  in  open  channels  the  hydraulle  mean  depUi^  and 

the  letter  r  is  used  to  express  it.     Since  /  expresses  the 

A" 
value  of  the  sine  of  the  slope  =  -j-^  we  have 

.=!¥['•  '^ 

^   -  2^-  <^> 

The  total  head  ^equals  the  heights  aa'  +  a"^-  =  A  4-  ^", 
aud 


h  +  A  =11=  7i-  -f  Ti — ^  U  -I-  — y  X  ^r-. 


(7) 


[l  +  ^^J 

In  foTZjr  canals  and  rivers,  with  slopes  not  exceeding 
tliree  feet  per  mile,  the  velocity  head  h  is  usually  insig- 
nificant compared  with  the  Motional  head  //",  and  may  be 
negU^cted  in  the  equation. 

When  the  rate  of  flow  is  uniform,  h  is  a  constant  quan- 
tity, independent  of  the  length,  and  when  tlie  mean  Telr»city 
is  known  may  be  taken,  by  insi)ection,  fioni  tlie  table  of 
"-'  Heads  (//)  dne  to  given  Velocities/'  page  264. 

Tlie  frictional  liead  7f"  increases  with  tlie  h^ngth,  lience 
the  term  I  in  the  eqnation  of  h'\ 


ft 

•  In  ftill  jiip^    .  i^wnU  tbe  aertionaJ  area  divided  by  tlie  full  dreumfer- 

^fieiif  a»il  li  tcmnxl  the  hydrftfflie  mean  radiu»  {^  208),  bin  in  open  rlmntiela 
ihi^tiontoHT  IB  iKe  w<>it€*d  iK-rirueter ;  that  is,  tbe  sum  «f  the  »ide»  and  biiltoia_ 
■nd  air  0iir1^ctt  in  contact  ^ith  the  water. 
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and  beds  of  channels.    His  c  corresponds  to  V  — ,  as  herein 


m 


employed,  and  a  portion  of  its  values  are : 
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327.  Obsserved  Data  of  Flow  iii  ChaiiuelH,— Letus 

deduce  the  s*neml  values  of  i/i  from  various  actmd  nieaa- 
urements  of  stix^ams,  and  seek  its  curve  of  mean  values,  so 
that  when  it  is  a  divisor  of  the  simple  fundamental  equation 
t  ^  V2(/ri,  we  shall  have  some  degree  of  confidencje  in  the 
use  of  this  simple  equation  for  channels  and  small  streams. 
For  this  purpose  we  will  select  at  mndom  from  data  givea 
by  Messi^,  Humphreys  and   Abbott,   1861;  M,M.  Dare; 
and  Bazin,  1865;  M.  Heinr  Gcrlx*nau,  1867;   and  s\m 
i-eports  of  U.  S,  Engineer  Corps,  and  compute  the  experi^ 
mental  value  of  m  for  each  case.*  M 

It  will  be  obseiTed  that  the  data  cover  ranges  as  folio w^^ 
O!  seclional  area,  from  9.5  to  15911  sq,  feet;  ot  hydrauH^ 
mean  depths  ftom  ,96  to  15.9  feet;  and  of  velocity^  frui^- 
•817  to  4.689  feet  per  second,  or  from  three-quarters  to  aboil* 
three  and  one-quarter  miles  per  hour. 


ivea« 

aren 


*  Tlic  sftme,  with  uddhianal  ilaUi  for  lar^  rivere,  bds  been  iwed  bj  Qenrttf*' 
H,  L,  Abbitt,  in  n  pa|>pr  wynm  Giiug'in^of  Rivers,  for  die  purpose  of  ij^axm0 
the  tif^w  (Huiiiphreji<  and  Abbott)  formula  lor  dow  of  rivers,  wU  Jour,  ^imiu^' 
lin  Institute,  Mflj,  ISTH 
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Tlie  member  r,  refei-s  to  the  mean  motion  of  all  the  fluid 
^hreaxis,  or  the  mte  which,  multiplied  into  the  section  of  tlie 
stream,  gives  the  volume  of  tiow. 

a26.  Coefficient H  of  Flow  for  Chaiinels*— The  value 
of  the  coefficient  of  flow  ifi^  Ib  very  variable  under  the  influ- 
ences of 

(a,)  Velocity  of  flow,  or  inclination  of  water  surface  ; 

(J.)  Hydraulic  mean  depth  ; 

(c.)  Mean  depth  ; 

(A)  Smoothness  or  roughness  of  the  solid  perimeter; 

(e,)  Direction  and  force  of  wind  ux>on  the  water  siirface. 

A  complete  theoretical  formula  for  flow  in  a  straight, 
smooth,  symmetrical  channel  should  have  an  independent 
coefficient  for  each  of  these  influences,  and  other  coefficients 
for  influences  of  bends,  convergence  or  divergence  of  banks, 
and  eddy  influences;  but  such  mathematical  refinement 
belongs  ottener  to  the  recitation  room  than  to  exj)ert  field 
practice. 

The  comprehensive   coefficient  tn^   for  open  channels, 

which  includes  all  these  minor  modifiers,  is  inconstant  in  a 

degree  even  greater  than  the  coefficient  m  for  full  pipes, 

which  we  have  already  discussed  (§  270-  Pecidiarities  of 

the  Coefficient  of  Flow),  to  which  the  reader  is  here  referred. 

Experience  teaches  that  m  is  less  for  large  or  deep,  than 
"^tWrHmall  or  shallow  streams;  for  high  velocities,  than  for 
«_>w  velocities;  and  for  smooth,  than  for  rough  channels. 

Kutter  adopted,**  for  ojien  channels,  the  simple  formula 
=  c  4^,  and  divided  tlie  values  of  c  into  twelve  classes, 

fiieet  the  varying  conditions,  fiom  small  to  great  velocities 
Xid  sections  of  sti'eams,  and  from  smooth  to  rough  sides 


•  Y^  ••  HydmttUc  Tablefl,"  trans,  bj  L.  D.  A.  Jwkacii.    London,  1876. 


c. 

•»S 
•J 

•4 
•S 
.6 

•7 
A 

•9 

I.O 

i.aS 

»^ 

s 

*-5 
S 

is 

4 

4-5 

5 

5-5 

6 

6.5 


JO5OO 

.0478 
.0440 
.0408 
,0378 

.0353 

,0298 
.0260 

.0234 
.0197 
,017a 

•0153 
•0137 

*012J 
.0118 
.0112 
.0107 
.0101 
.0099 


36.70 
38.2s 

39-73 
41.27 
42.71 

44.04 

45-43 
46  49 

49-77 
52,46 

57-17 
61. 19 

64.87 
68,56 
71 .21 
73  S7 
75 '83 

77^58 
79.46 

80.65 


1  '=!• 

». 

7 

,0096 

7-S 
8 

.0092 
.OOS8 

8-5 
9 

.OOS5 

*oo8i 

9-3 

.0077 

10 
II 

.0074 
.0068 

12 

.0064 

»3 

,0058 

U 

,0054 

'5 

,0049 

16 

,0043 

17 
18 

.0040 
.0036 

19 

.0033 

so 

.0030 

31 

.0019 

22 

.0027 

»3 

.0025 

as 

,0020 

I  -- 

8i.9<=^ 
83-6«^ 
%-5^ 
87.0^ 
89.1^ 
9' -45 
93-^5^ 
97  31^ 
1 00 .  30 

109,21 
114,65 
122,37 

126.88 

U3'77    j 

139.69    ■ 

146.53 
149.04 

154-44 
160.49 

179-44 


These  values  of  m  and  of 


"={\/^ 


—  were  inserted 


in  th 


^rit ,  and  were  used  for 


Bimple  foiTiiula,  v  =  ^  w  -^  •  v  y  c  r , 

test  to  compute  the  velocities  in  the  coltiinn  (?,  of  the  abov^^ 
table  of  exjx^rimental  data.    The  computed  velocities  maj 
thein?  be  comimred  with  the  observed  velocities.     The  result 
are  satisfectorj%  if  the  exceeding  difficulty  of  securing 
accurate  measurement  of  mean  velocity  of  the  stream  and 
the  probability^  of  small  errors  are  considered. 


ove==^ 
laj^ 

dl 

md 
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The  velocities  in  the  experimental  table  above,  cover  the 
raiige  in  ordinaiy  practice,  excepting  tlie  exti-emes  of  Hotxls 
and  droughts.  Tlie  values  of  m  are  fur  the  mean  range  uf 
veliK'ities  there  given.  A  considerable  increase  of  velocity 
woald  reduce,  or  of  rouglmess  of  channel  would  increase, 
tlie  value  of  m  for  its  given  liydrauJic  mean  depth.  Tlie 
iaflueiiees  of  bends  and  eddies  are  to  be  elhninated  from  the 
formula,  since  the  formula  applies  to  a  straight,  smooth, 
symmetrical  channeh 

Jackson  gives, *^  from  Darey,  Baziuj  (iaiiguillet,  and 
Kutter^  variable  cot*fficients  for  tlie  channel  surfaces  named, 
as  follows,  (Tliese  app<:*ar  to  be  applicable  to  a  constant 
▼alue  of  e»,  equal  to  about  2,5.) ; 

.018,  Well-i>laned  plank. 

.020,  Glazed  pipes,  or  smooth  cement  lining. 

.022,  Smooth  cement  and  sand  mortar  lining, 

.024,  Unplanrd  jjlauk. 

•026,  Brickwork  aud  cut-stone  lining, 

•034,  Rubble  masonry  lining. 

.040,  Canals,  in  very  firm  gravel. 

,050,  Rivers  in  earth,  free  from  stones  and  weeds. 

.070,       ^*      with  stones  and  wetds  in  gn^at  quantities. 

329.  Variaii?^  Foomilsis  af  Flow  Ciiiiipared.— To 
oompare  this  simple  formula,  having  its  variable  w,  witli 
some  of  the  more  complex  fonnulas,  in  the  forms  in  wliich 
they  are  generally  quoted  iu  t»*xt-I><>oks  and  cyclopedias, 
four  experiments  ar«^  taken  from  the  table,  liaving  their 
hydraulic  raeiin  depths  and  sectional  areas  of  mean,  mini- 
nuim,  and  maximum  values,  and  their  velocities  are  com- 
puted by  it.  The  velocities  are  then  computi^i  by  well- 
known  formulas  upon  the  siime  data.  Tlie  results  are  given 
in  the  following  table  : 

*  HydmuUc  Mfmiml.     iKJudon,  1875. 
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TABLE     No.    76. 
Formulas  for  Flow  of  Water  in  Channels,  to  find  the  Veloch^ 

Comparing  results  given  by  the  several  fonnulas. 


Authority. 


Formulas. 


Du  Buat 


I 


Eytelwein . 
Girard .... 

Prony «' 

I 
D*Aubuisson.    p 

Neville » 

Leslie. 


=  1^-1* 

■■  (8975-43''«  +  0x1589)*  — .X089. 


(io567.8rj  +  a.67)*  — x.64  ... 
:  (io6o7.c»r/  +  .0556)*  —  .036. , 

(8976.  sri  +  .012)*  —  .X09.... 
;  140  [rty  —  IX  (rtr ■ 


Pole. 


tooj/r 

/T    ' 

|xoocx,^|i, 


Bcardmore...    v  =  100  )/rt   

Darcy    and»'^  =  ^i '^^ U. 

Bazin.       f  (  .o8534r  +  .35  ) 

M.  Hagen....    v=  i.zgVrit)^ 


Cmw-  Cam' 


^Ud  futed  ^ted 


vtioe.  velac. 
in/i.   infi. 


Humphrevs  \ 
and  Abbott  f 


-|t/--te::;)'-«r-^'i 


0.966 
X.999 

«-93« 
X.X09 
X.969 
X.932 
a.x6x 
a.xsi 

a.i5x 
a.xsx 
x.0^7 
«.«37 
».37« 


«-934 
3.6a7 

3.184 


<r^9m' 


veloc.  «-*%A»f. 
in/i.    Ttm  ^/i. 

sec,  r 


a.xo7  I  3.a^5 

a.4XX  :    3.K^J 

i 

3.443 !  a.3^ 


.^1      I     ., 

a.989    «S7a     x-5*' 


*  FetEOEitCHAzin^T.    Area,  XX. 3  sq.  ft.    Hydraulic  mean  depth,  X04  ft.    Inclinatioa, 
ObscTvwJ  velocity  o  96?  ft. 

Lalt-^  Canal    Area,  564  sq.ft.    Hydraulic  mean  depth,  x.8aft.    Inclination, 
Observ'enl  vdocity,  3i*xo6  ft. 

Seine,     Arcst  1978  sq.  ft.     Hydraulic  mean  depth,  5.70ft.     Inclination,  .000x27. 
served  velocity  a  c^  ft. 

I  fl,  La  Fot'jnrHE.    Area,  3738  sq.  ft.    Hydraulic  mean  depth,  xs.7ft,    IncUnation, 
Observed  velocity,  3.076  ft. 
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6  =  a  function  of  depth  = 


* 


In  the  preceding  table,  the  symbols  in  the  formulas  have 
values  as  follows : 

r  —  hydraulic  mean  depth,  in  feet, 
/  =  iuciiiiation  of  surface  in  straight  ehannelj  in  feet 
I  =  length,  in  feet. 
h!  =  head,  or  fall  in  the  given  I<^iigth,  in  feet 
S=  sectional  area  of  sti'eam,  in  square  feet 
C  —  wetted  solid  pt^rimeter,  in  fpet» 
V  =  mean  Vi4ocity  of  ^stream,  in  feet  per  second. 

In  the  Humplireys  aod  Abbotts'  formula,  the  symbols 
have  values  as  follows  t 

a  =  sectional  area  of  stream^  in  square  feet 

1JQ9 

p  =  wetted  perimeter. 
r  =  mean  hydraulic  depth. 

i  —  inclination  of  surface  of  stream,  corrected  for  bends." 
Tr=  widtli  of  stream. 
t?'  =  value  of  first  term  in  the  expression  for  v, 
t?  =  raean  velocity  of  sti*eam. 

330.  Vc'liK'ities  of  Oiveii  Films*— Since  the  chief 

of  resistance  to  flow  arises  from  the  reactions  at  the 

P'^rriineter  of  the  stivam,  along  the  bottom  and  sides,  A,  Bj 

^'•B  A',  Fig.  51,  and  in  a  small  degree  along  the  surface 

-^»  A\  in  contact  with  the  air,  it  is  evident  that  the  points 

^r  ininimnm  vf^locitj^  will  be  along  the  solid  perimeter,  and 

tUf^  point  of  maximum  velocity  will  be  that  least  influenced 

^>*  the  resultant  of  all  retarding  influences.     In  a  channel 

1^*''   symmetrical   section,   the  point  of  maximum  velocity 

[^^c>uld  be,  accitrdiug  to  the  above  hypothesis,  on  a  vertical 

^*^«  passing  through  the  centre  of  the*  section  and  a  little 

*law  the  water  surface,  provided  the  surfiice  was  unin- 
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flutMiciAl  by  wind.  The  velocity  measureiiii_*iit8  ol  Barcj 
and  Bazih  ^  with  au  improved  **Pitut"  Tube,  locals  the 
thivad  of  maximum  velocity  in  a  trapezoidal  chanDel,  at  a. 
Fig.  51 ;  a  nearly  concentric  film  of  lesser  velocity  at  k  mi 
other  films,  decreasing  regularly  in  velocity,  at  c,  d**v/, 
and  ff. 

If  the  velocities,  at  the  depths  at  which  the  given 
cross  a  verti(^al  centre  line,  ai-e  plotted  as  ordinates  from  i 
vertical  luie,  as  at  a,  6,  e,  etc,,  Fig.  52,  their  extreniitiesi 
lie  in  a  parabolic  cur\"e,  and  the  dt*gree  of  curvature  willl 
le8s  or  great*n'  us  the  vr*h>city  is  less  or  greater,  and  as 
bnltoni  is  smoother  or  rougher,  for  the  given 
Velocity  ordinates,  plotted  in  the  same  manner  far 
horizontal  section,  as  in  the  surface,  or  through  &,  a^  6,  i 
etc.,  Fig,  51,  wiU  also  have  their  extremities  from 


Fig.  61. 


Fiaai 


I 


=k 


iK--J^ 


Knmnnd^ 


nearly  to  the  centn*  in  pai-abolic  curves,  the  longest  op 
nate  being  near  the  centre  of  breadth  of  the  canal,  and  tl^«" 
two  side  parabolas  being  connected  by  a  curve  more  or  le^* 
flat,  according  to  breadth  of  cauaL  In  Pig.  51,  d  indical^^'' 
the  film  of  mean  velocity,  and  it  cuts  the  central  vertical  lir:^ 
at  nearly  thn^e-fourths  the  depth  from  the  surface,  C 
deep  streams,  or  ehannels  in  earth,  it  is  usually  a  littl^ 
beh*w  the  centre  of  depth. 

♦  Tome  XIX  dea  Memoiree  presentes  par  direre  Savants  i  rinHtltnt  Imp 
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Surfticc  A'elocities.'— The  velocity  of  the  centre 
of  the  feiu-iace,  iu  tsynmirtrieal  channels*  or  uf  the  mi*!- 
ehauiit4  in  unaymmetiica,!  sectioas,  is  that  most  readily 
obtaiiiable  by  aiiDple  exjjoiiineiit. 

For  such  velocity  obseiTations  a  given  length,  say  one 
hundn'd  feet  of  the  smoothest  and  most  syninietjical 
straight  cliannel  accessible  is  marked  off  by  stations  on 
Jiotb  banks,  and  a  T\ire  stretched  across  at  each  end  at 
fight  angles  to  the  axis  of  the  channel.  Tliin  cylindrical 
loats  ai-e  then  pnt  in  the  centre  of  the  stream  a  sliort  dis- 
anee  above  the  upper  wiiv,  by  an  assistant,  and  the  time 
[>f  their  passing  each  wire  accurately  noted. 

A  transit  instrument  at  each  end  station  is  requisite  for 

rerj"  close  obseiTations.    A  small  gong-beU,  on  a  stand  or 

30st  beside  the  transit,  is  to  be  stnick  by  the  obsei-ver  the 

Instant  tlie  centre  of  the  float  passes  the  cross-hair,  or  a 

EigmU  is  to  be  transniitt4'd  by  an  electric  eurrentj  and  the 

Mae,   noted  to  the  nearest  quarter-second  by  a   skillful 

PpistaQt,  is  to  be  recorded. 

I  The  floats  are  sometimes  of  wax,  weighted  until  its 
|Bpecific  gravity  is  near  unity ;  sometimes  a  short,  thick  vial, 
corkt*d,  and  containing  a  few  shot  or  pebbles ;  and  some- 
imes  a  tliin  slice  of  wood  cut  from  a  turned  cylinder,  which 
/or  small  channels  may  be  two  inches  diameter.  For  lai^ 
rivers,  the  float  may  be  a  short  keg,  with  both  heads  iu 
>lace,  and  weighted  with  gravel  stones.  The  flt»at  is  to  be 
loaded  so  its  toji  end  w  ill  be  just  above  the  surface  of  the 
|rat4.>n  In  broad  stix-ams»  a  small  flag  may  be  plac^ed  in  the 
genire  of  the  floats 

If  a  number  of  floats  are  started  simultaneously  at 
TKiwn  distances  on  each  side  of  the  axis  of  the  channel, 
lyjy  should  have  each  a  special  color-mark  or  conspicuous 
number,  so  that  the  time  and  distance  from  axis,  at 


?:^  wuom  or  wjlteb  d  ans  cbassela 

7»i«:^  sCK^dGb.  my  be  outiwdj  nottd  for  each  indiridiial 

r^  Bsft^  scade  experimenis  with  sniall  rectangnlar  and 
:rj.7*r.?.:QLL  -r^Anj^^  of  pbnk.  141  feet  long  and  aboat 
1>  iLiriTrj-  rjirr,  whl  dej^hs  fiom  .17  to  .895  feet,  and  reloc- 
c»T^  fr  '31  -7i*l  ••:•  4d?-  ft^tt.  to  determine  the  ratio  of  the 
XM*:!  TT-l•>^rnr  r  c4  liie  channel  5*eciion  to  its  central  snifaoe 
T«ei.v:^.  ^'.  JVtiTj  the  m^^an  K->nli>  he  deduced  the  empir- 
:  -ttl  f or=iili  of  iDr^n  velocity, 

"  =    \  T—  .15-  •  .02233.  (11)  — 

T  i<  -ziTt-s^  when  V  is  taken  as  nnitr, 

r  =  .745  r. 

l^>ny  afterwards^  reriewing  the  same  experimental  re- 
:^u!:^^  prv^jxised  the  formula, 

Ximenes'  experiments  ujon  the  River  Amo,  Sancort's 
ufvn  the  Neva,  Funk's  upon  the  Wesser,  Defontaines  and 
Rruuiiiuir^s  ujx^n  the  Rhine,  on  larger  scales,  gave  mean 
vt'lvvitu^  in  a  vertical  line  at  the  centre  equal  to  .915  F, 
w  .i  ';  Iving  the  maximum  velocity  in  its  horizontal  plane, 
iiul\'aios  if  the  reduction  of  velocity  toward  the  shore  is 
ov>usidei\H.l,  an  approximate  mean  velocity, 

V  =  .915  (.915  T^)  =  .837  F.  (13) 

Mr.  Fmncis'  experiments  in  a  smooth,  rectangular  chan- 
nol,  with  stvtion  about  10  feet  broad  and  8  feet  deep,  and 
veKK*ily  o(  4  ftvt  per  second,  indicates 

V  =  .911  V.  (14) 

In  the  Mississippi  River,  with  depths  exceeding  one 
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It^cmndred  feet,  Mesars.  Humplu^ys  and  Abbott  occasionally 
fommd  e  givater  than  V. 

Thti  (.ranges  Canal  experiments  at  Roorkee,  in  187o,  hy^ 
C^pt  Cunningham,  R  E,,  in  a  rectangular  section  {)  feet^ 
d^sep  and  85  feet  wide,  gave  the  Tuean  surface  velocity 
eqiialto.927F. 

In  any  series  of  rectangular  channels  of  like  constant ' 
seetional  areas  or  of  like  constant  lx)rders,  it  is  seen,  by 
ttimple  niatheinatic-al   demoustrationsj  that  the  hf/draulic\ 

®»^>eatn  depth  =  ^^^  is  at  its  maximum  when  the  bi-eadth , 

equals  twice*  the  depth.*    Since  the  velocity  of  flow  in  a" 
eeriiE^  of  iiectangular  cliannels  is  nearly  propfirtionai  to  the 
«ltLa.re  roots  of  their  hydraulic  mean  depths,  it  follows  that 
the    proportions  of  sucli  channels  most  favorable  for  high 
Vtilocities  is  bi^adtli  cn^ual  twice  depth,  ^m 

Tliesi?  proportions  of  bi-eadth  to  depth  being  adoi>t<*d  ^^ 
•R'^in  for  another  series  of  rectangular  channels  of  varying 
^'^'"^ticm,  the  velocities  wOl  again  be  sensibly  proportional  to 
^^  s^quare  roots  of  their  hydraulic  mean  depths. 

The  ratio  of  c  to  V  should  be  at  its  maximum  when 
'^^^dth  equals  twicf*  the  depth,  and  when  the  section  is  the 
^**^imum  of  the  given  series. 

•iTi*   Ratios  of  Surface  to  Mean  Velocities.— Let 

"^^  depth  and  h  =  bn^adth  of  rectangular  channels,  then 

^trtii^^  de]>th  be  vnt'i^/  for  a  depth  of  8  feet  and  approxi- 

^^l44y  betwetm  6  and  12  feet,  and  we  shall  hfive,  according 

the  various  recorded  experiments,  approximate  value^i 

t-he  mean  velocity  v  of  flow  in  the  channel,  as  compared 
^tli  the  central  surface  velocity  F,  as  follows,  for  smooth 
'^'^^nnels: 


^.^  •  Tlie  inflneDoe  of  Bertinnal  prnfile  u|Kin  flow  is  elttljorateljr  disruflsi^rl  b/ j 
^^^''tiiiig,  ill  Ekinents  of  Frttclicid  Il^rdmulictf,  p  204,  rt  seq.    (London,  1875.) 
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Tien 

b  = 

2d 

then 

p  =  .920  V'' 

h  = 

•3(1 

■0  =  .910  F 

h  = 

4d 

®  =  .890  V^ 

h  = 

5d 

»  =  .882  V 

h  = 

dd 

V  =  .864  F 

6  = 

Id 

«  =  .847  V 

h  = 

Bd 

T  =  .826  F 

b  = 

Qd 

»  = .804  F 

b  = 

lOd 

t)  =  .780F 

(16) 


The  values  of  v  should  lie  sligliUy  less  for  trapezoidal 
canals  of  equal  sections,  decreasing  as  the  side  8loj>es  aj^ 
llatteni^d.  The  values  of  v  will  decrease  also  as  the  bottom 
and  sides  incit^ase  in  mughness.  The  wind  may  enhance 
or  retard  the  surface  motion^  and  thus  affect  the  mean 
velocity. 

Since  inclination  of  water  surface,  section  of  stream, 
hydraulic  mean  depth,  and  roughness  of  bottom  and  side, 
all  affect  the  final  result  of  flow,  it  is  evident  that  experi- 
ence and  good  judgment  will  aid  materially  in  the  selection 
of  the  proper  ratio  of  r^  to  F.  A  misapplication  of  formula 
that  are  valuable  when  judiciously  used,  may  lead  to  groes 
enx)rs;  as,  for  instance,  Prony's  formiila,  deduced  from 
experiments  with  Du  Buat's  small  canal,  gave  result  fifteen 
per  cent,  too  small  when  tested  by  the  How  in  the  Lowell 
flume,  10  feet  wide  and  8  feet  deep,  where  the  volume  was 
proved  by  tube  floats  and  weir  measujements  at  the  same 
time, 

3C^.  Hydroiiieter  Gaiig:tng:s. — \Vlien  opportunity 
offers,  the  mean  velocity  for  the  whole  depth  should  be 
measured,  and  thus  some  of  tlie  uncertainties  accompany- 
ing surfiice  measures  be  eliminated.  Among  the  most 
reliable  hydrometers  that  have  been  used  for  this  purpose 
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in  canals  and  tJie  smaller  rivers  may  l>e  mentioned,  thi  tubes 
of  length  nearly  equal  to  the  depth  of  the  sti'eara  ;  improved 
*'  Pi  tot  tuhcs  /  ■ '  and  *'  Widtnuimi  l^tchameteni'^ 

3:M.  Tube  Gauge,— When  the  Telocity  measurements 
are  to  be  taken  with  Francis-  tubes  or  Krayenhoff  poles, 
Fig.  63,  a  straight  section  of  the  stream  is  chosen,  with 
smooth  symmetrical  channel,  clear  of  weeds  and  obstnic- 
tirms.  A  length  of  one  linndred  or  more  feet,  according  to 
circumstances,  is  marked  off  by  stations  at  (\icli  end  on 
each  bank,  located  so  as  to  mark  lines  at  right  aogles  to  the 
axis  of  the  stn^am,  A  steel  measuring  cliain,  or  wire  with 
marks  at  equal  intervals,  is  then  to  be  stretclu'd  across  at 
each  end.  The  depths  are  then  to  be  taken  across  tlie  stream 
at  each  end,  and  at  the  centre  if  the  banks  are  warped,  at 
known  iutervals  of  a  few  feet,  accord- 
ing to  the  fomuition  of  the  banks  and 
bottom  of  the  stream,  so  that  the  sec- 
tional area  of  the  stream  shall  be 
aiJcurately  known,  and  may  be  plot- 
ted* ITie  soundings  are  all  to  refer 
to  the  same  datum  previously  estab- 
lished, and  referri^d  to  a  jjerraaneut 
bench  mark  on  tlie  shon^,  which  will  great!}'  facilitate 
future  observations  or  verifications  at  the  same  point. 

The  requisite  number  of  tight  tin  tubea,  of  say  tw^o 
inches  diameter,^  are  then  to  be  prf^pared,  one  for  the  axis 
of  the  stream,  and  others  for  short  successive  inti^rvals  on 
each  side  of  the  axis,  all  to  be  duly  numbin^d  for  their 
rt»spective  positions.  The  lengtli  of  ea^ch  is  to  be  such  that 
it  will  Unat  just  clear  of  the  bottom,  and  ext**nd  to  a  little 
ab<»ve  the  water  surface.     The  tube  is  Xo  be  loaded  at  one 


Fig,  63. 


'  Tubes  40  feet  lon^,  3  inches  diameter,  made  up  in  flections^  have  beeu 
1  by  the  United  States  Coaat  Survey  Staff. 
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end  with  fine  shot  or  sand,  until  it  has  the  proper  snb-j 
mergence  in  a  vertical  position,  .93  to  ,95  depth. 

The  several  tubes  are  to  be  started  by  signal,  slujultane- 
ously  if  possible,  from  a  shoil  distance  above  the  upper  end 
station,  so  that  they  may  cross  the  upper  station  as  nearly 
as  pt  >8sible  at  tlie  same  instant.     Their  arrivals  at  tlie  lower! 
stations  are  to  be  can  fully  noted,  and  the  time  of  transit  of] 
each  recoiTled. 

When  the  experiment  has  been  sevejal  times  repeated^  I 
the  central  and  other  tubes  may  be  passed  down  singly,  if  " 
the  vohime  of  the  stream  still  remains  constant^  to  verify  the 
first  obsH^i-vationa    In  the  last  observ<itions,  tmnsita  raayj 
convi'niently  be  used  to  observe  the  passage  by  the  stations, 
yas  8Ug^:\*^ti^d  above  for  observing  surface  floata 

Suppose  the  stream  to  be  divided  transversely  into  seven 
sections,  as  in  Fig.  64,  then  tubes  1, 2, 3,  etc,,  may  be  starttd  | 

Fig.  54. 


in  the  centres  of  their  respective  sections.  The  degree  of 
.accuracy  with  wtiich  tlu^y  will  move  along  tlieir  intendini 
>  courses  will  depend  upon  the  symmetrical  regularity  of 
flow,  and  very  much  upon  the  regularity  of  the  sidc^  banks, 
and  several  trials  may  be  necessary  to  get  satisfactory 
side  and  even  central  measurements,  since  a  slight  obstmc- 
tion,  or  a  stray  boulder  upon  the  bottom,  may  distort  the 
ilnid  threads  in  an  unaccountable  manner.  Tin*  side  flnjitn 
have  also  a  tendency  away  from  shore. 

Tlie  mean  area  of  each  of  the  sub-sections  being  known« 
and  the  mean  velocity  through  each  being  ascertained. 
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their  product  gives  the  volume  flowing  thioiigh,  and  the 

&tim  of  volumes  of  the  sub-Bectioii  gives  the  volimie  for  the 

'w^liole  section, 

I         When  streams  are  in  the  least  liable  to  fluctuations  ham 

tJie  opening  or  closing  of  t*luices  above,  or  the  opening  or 

<^losiDg  of  turbine  gates  when  the  stream  is  U8ed  for  hj - 

^IrauLic  power,  a  hook-gauge  (Fig.  48),  should  be  placed 

^3ver  the  axis  of  the  stream  where  the  usual  vibration  of 

■isuj'fac^*'  is  least,  to  watch  for  such  fluctuations,  since  a  vari- 

.c^tioii  in  tlie  mean  level  of  the  water  surface  t>ne-hiuidr4^th 

^j>f  a  foot  will  appn*«^iably  aflect  the  vi4t)city  and  volume  of 

tiow-     If  tlie  tubi's  liave  much  clearance  they  will  not  be 

mnflueDced  by  the  films  of  slowest  velocity  next  the  bottom. 

■^A  clearance  of  six  inches  in  a  Rectangular  flume  eiglit  ft>et 

€ieej>,  may  give  an  excess  of  tliree  per  cent,  of  velocity, 

TUe  cross-section  depths,  in  canals  and  shallow  streams, 

xnay  b«>  taken  with  a  graduated  sounding-rod  Iiaving  a  tlat 

disk  of  tluve  or  four  Inches  diameter  at  its  ft^ot,  and  in  deep 

etreains  by  a  measuring-eliain  with  a  sufficient  weight  ujion 

■  its  foot  to  maintain  it  straight  and  veitical  in  the  curient 

■  ^\  good  level  instrument  and  level  statf  aiv  ix^quisite,  how- 
B  ^-er,  for  accurate  work. 

f  In  broad  streams  the  tiunsverse  stations  may  be  located 
"•rigonometrically  by  two  transits  placed  at  the  extremities 
^^f  a  carefully  measurc^d  base  line  upon  the  shore. 

3,*W.  Oau^e  Form iilas.— The  volume*  of  flow  through 
^^e  m»*an  transverse  section  (Fig.  54)  is  i^equin^d. 

Let  s  be  the  estiiblislied  leugthj  or  distance  between  the 
langitudiiutl  end  stations,  and  Ut^U  -  *  ^  -  L  the  times  occu- 
pied by  the  several  tulx^s  in  passing  along  their  respective 
courses  between  end  stations ;  then  the  mean  velocities  in 
the  respective  sub-sections  will  be 

9  s  6  8 
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Let  the  transveise  breadths  of  the  subjections  be,  a,  a.  a, ....  tfk 

"      "    mean  depths  **    **  "  '*    d,  d,  d, dm. 

"      "     mean  velocities  in  "  "  **©»«.«,....  Vm. 

"      "        "     volumes  of  flow  in  "  "    ^i  g*  9»  -  •  •  -  Qiu 

Then  the  whole  sectional  area  in  square  feet,  8^  of  the 
stream  is, 

/8^  =  «! .  ^i  -f  Oa.  6?a  +  Os .  ^  + a» .  ^1. ;        (16) 

and  the  whole  volume  in  cubic  feet,  $,  is 
Q  =  (ai.^i)i;i-f  (03.^2)^2  +  {(h'd^vs,^  ...{a^.d^v^\     (17) 
and  the  mean  velocity  in  feet  per  secondj  v,  of  the  whole 
section  is, 

f  =  |-  (18) 

The  summary  of  field  notes,  beginning  at  a  on  the  left 
shore,  is : 


j    Feet.       Feet.       Feet.        Feet.       Feet. 

Feet.   I    /w/.    ' 

Breadths  of  sub-sections  a^  16.450,  90.00  a,  04.85, a«  32.00 

Mean  depths  of      '*          '</»    aM^^    9*74^*  ".37  rf,  15.68 

Mean  velocities  in  the  (.  „      ««.'.      ^q^„      .  a«  «      ^^ 

sub-sections f  |^^    '''Y''    3.8of.    a-^v,    500 

rf,  ia.52 
«'.     4.65 

a«  36.80.ar  18.34 
d.    9-7»^f     4.79 
r.    3-75 !«'»    a-oo 

} 

=  S. 

ic«.//..  Cu./t. 

Cu./t.'  Cu./t. 

Cu./t. 

Cir.A 

Cu./t. 

^tiSS".'."'*''.'"''"'':}  >'   ^79.5'^.  740.J|^.i4«>.a^^.2508.8y..7X7.4 

^.  975.8 

fy  X74.7 

\ 

=  Q. 

The  sum  of  the  several  products  of  breadth  into  depth  is 

8  =  1800.675  square  feet. 

The  sum  of  the  several  volumes  is Q  =  7716.73 

Q      7716  73 
The  mean  velocity  for  tlie  whole  section  is  ^  =  ToTm'ftT^ 

=z  V  =  4.285  feet  per  second. 

If  the  tubes  have  several  inches  clearance  at  the  bot- 
tom, a  slight  reduction,  say  two  and  a  half  jier  cent.,  from 
the  computed  velocity  and  volume  are  to  be  made,  to  com- 
pensate therefor. 

336.  Pilot  Tube  Gauge.— The  Pitot  tube  has  been 
used  with  a  tolerable  degree  of  success  in  many  experi- 
ments upon  a  small  scale.    In  its  best  simple  form  it  has 
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PITOT'S    TUBE, 

been  constructed  of  glass  tubing  swelled  intt)  a  bull>  near 

\<^ne  end,  and  with  tube  of  smaller  diameter  below  the  bulb 

bent  at  a  right  angle,  and  terminated  with  an  expanded 

I  tnimi>et-niouth,  as  in  Pig.  56, 

For  deep  measures  the  mouth  and  bulb  and  a  con- 

[  vc'nient  part  of  the  tube  may  be  of  copper,  that  part  which 

I  IB  to  project  above  the  suiface 

of  the  water  being  of  glass,  and 

the  whole  instrument  may  be  at- 

|taehc*d  to  a  vertical  rod,  which 

[Tests  on  the  bottoui,  so  as  to  be 

elid  up  and  down  on  the  rod  to 

the  heights  of  the  several  films 

Trhose  velocities  are  requii-ed. 

When  in  use,  the  bulb  and 

tube  are  to  be  held  vertically,      fr-~— -  - 

and  the  small  trumpet-mouthed 

section  ex|>osed  horizontally  to  the  current  bo  as  to  receive 

its  maximum  foix'e  into  the  mouth. 

The  objixit  of  the  expanded  bulb  and  contraction  below 

the  bulb  is  to  reduce  oscillation  of  the  water  within  the  tube 

to  a  miuimum, 

Theoi-etically  the  impulse  of  the  current^  acting  as  pres- 

on  the  water  within  the  tube,  sliould  raise  the  surface 

'»* 
of  the  water  within,  a  height^  h  —  5-,  above  the  normal 

rface. 

But  owing  to  reactions  from  several  parts  of  the  tube, 
the  entire  force  of  the  current  does  not  m'i  upon  the  column 
of  water  m  the  vertical  st^ction  of  the  tube,  hence  the  eleva- 
tion of  the  water  in  the  tube  is  cji  and 


^y 


-  cji  and  B  =  s/%jcjh. 


(19) 
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Tlie  coefficient  /\„  for  the  given  tube  and  the  different 
velocities,  must  be  determined  by  experimeiit  before  il  can 
be  used  for  practical  measures. 

The  stream  is  orossnsectioned,  as  before  described  for^ 
th:»  leadins:  station  when  long  tin  tubes  are  used,  and 
the  mean  velocity  is  asceilained  from  the  mean  velocity  of 
the  various  superposi'd  tilms  taken  in  a  vertical  Ime  at  Ui© 
centre  of  each  sub-section. 

The  computations  of  volume  are  made  in  a  manner  sim- 
ilar to  those  when  tubes  an*  astnl. 

Pitot  lutDJcUioed  u  plain  tube  bent  at  right  angles  as 
early  as  1730,  and  by  his  measurements  with  it  in  the  Seine 
and  otlier  streams,  overthrew  some  of  the  hypotheses  of  the 
older  hydmulicians. 

It  has  since  received  a  variety  of  forms  and  entered  into 
a  variety  of  ennibinations,  among  wbicli  may  be  mentioned 
the  '^Darcy-Pitot"  tube,  which^  after  an  instantanoou» 
closing  of  a  stop-cock,  can  be  lifted  up  for  an  observation^ 
and  the  Darcy  dfjuble  tube,  but  there  is  still  difflciUty  in 
reading  by  its  graduations  measures  of  small  velocities, with 
sufficient  aceumc}%  and  the  caj»01arity  may  be  a  source  of 
error  in  unskillful  hands. 

The  almost  exclusive  use  of  this  instrument  in  improved 
forms  by  Darcy  and  Bazin  in  their  valuable  series  of  ex- 
perim^nt^al  obs<.»iTations,  has  given  to  it  prominent  rank 
among  liyd  ri>mt*ters. 

337*  Wtiltiiiauii'H  Taeliometer.— The  most  succees- 
ful  of  all  the  simple  mechanical  hydrometers,  not  retiniring 
the  assistance  of  an  electric  battery,  has  been  the  revolving 
mill  introduced  by  Woltmann  in  1790,  and  known  as 
*'  Wolimann'S  Tachometer^'^  or  movlinet  This  current 
meter  has  ftonx  two  to  five  blades,  either  flat  or  like  marine 
propeller  blades,  set  npon  a  horizontal  shaft  as  shown  ia 
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ig.  56,  which  represents  the  entire  instrument  *  in  its  actual 
nia^itude,  for  small  t-anal  and  flume  mea^urea 

Upon  the  main  axle,  which  carries  the  propeller,  is  a 
flTonn-screw,  G,  A  series  of  toothed  wheels  and  pimous> 
with  pointers  and  dials  similar  to  the  registering  apparatus 

Fig.  m. 
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^  water  or  gas  meter,  are  hung  in  a  light  framt*,  (\  imme- 
^*^^^tely  beneath  the  main  axle.    One  end  of  the  fmnie  is 
I  ^^*^ able  npward  and  downward,  but  when  out  of  use  is 
I    ^^d  do^Ti  by  a  spring,  F, 

,  The  whole  instrument  m  seeured  by  a  set-screw  upon  an 

I   ^*^^n  rod,  i>,  on  which  it  may  be  set  at  any  desired  height 


^      •AiKitlipr  farm  with  two  bifida  \%  ill  unrated  in  Sievensoii'a  C«iiftl 
^^'^'cr  Enginperixig*    Ediuburgb,  1872,  p.  101, 
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When  brougbt  into  practical  use,  the  iiistnimcnt  is 
a^just^^d  upon  the  rod,*  m  that  when  the  sUiff  i*eHt8  npoa 
the  bottom,  the  main  axle  will  be  at  the  height  of  the  film 
to  be  first  measured.  It  is  then  placed  in  jiosition  with  thai 
j)roj>eller  toward  the  approaching  current  and  the  main  axle' 
imiuUel  with  the  diiection  of  the  current.  Tlie  j>roi)eller 
will  soon  acquire  its  due  velocity  of  revohition  from  the 
moving  cuiivnt,  when  the  movable  end  of  tlie  frame  cavry- 
ing  the  according  train  is  lifted  by  the  wire  B,  and  the  first 
toothf/d  wheel  brought  into  mesh  with  the  worm-screw.  If 
the  tmin  doi^s  not  stand  at  zero,  its  reading  is  to  be  talieu 
before  the  instrument  is  brought  into  position.  The  times 
when  the  train  is  brought  into  mesh  with  the  worm-scn?w,. 
aud  when  disengaged,  are  both  to  be  accumti*ly  noted  and 
recorded, 

r|)on  tlie  slackening  of  tlie  wire  B,  the  spring  J^,  in- 
stantly throws  the  train  out  of  mesh,  and  it  is  held  fast  by 
the  stud  A^  which  engages  between  two  teeth  of  the  w  heel. 
Tlie  instrument  may  tlien  be  raised  and  the  revolutions  in 
the  obs<?rved  tiTTie  read  off.  In  waters  exceeding  a  few  feet 
in  depth  there  are  usually  piUsations  of  about  one  minute, 
more  or  less,  inten^als,  and  the  instrument  should  be  held 
in  position  until  several  of  these  have  passed. 

The  velocities  are  thus  measuit^  at  several  heights  on 
vertical  centre  lines  in  the  seveml  sub-sections,  and  the  com- 
piitatlons  for  mean  velocitj^  and  volume  completed  as  in  tlie 
above  described  case  when  long  tin  tubes  are  used. 

The  blades  of  the  propeller  are  tisually  set  at  an  angle 
of  nbout  70  ,  or  with  an  equivalent  pitch  if  waq>edas  a  pro- 
peller blmie. 

^^B       *  SerenJ  moulinets  upon  the  same  Btalf,  at  known  hciglttj!  between  bottom 
^^^  and  surface,  expedite  tbe  work  and  tend  t<*  greater  aceurucy. 
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338,  Hycb'ometer  Coeltteieiits. — The  number  of  revo- 
Intions  of  the  main  axle  is  nearly  proportional  tu  the  velocity 
of  the  impingmg  cun-ent ;  but  there  is  some  fricliouul  resist- 
ance offered  by  the  mechanjMu,  hence  it  is  necessary  that 
the  coefficients  for  the  given  instrument  and  for  given  veloci 
ties  be  established  by  e*xperinient,  and  tabled  for  convenient 
Inference  bc^fore  it  is  put  to  pnietical  use.  These  coeificients, 
which  decrease  in  value  as  t!ie  velocity  inc leases,  may  be 

*rtained,  or  verified,  by  placing  the  instrument  sub- 
meigt»d  in  currents  of  known  velocity,  or  by  causing  it  to 
move,  8ubmergt»d,  through  still  water  at  knowni  velocities. 

An  apparatus  adapted  tf>  the  last  purpose  is  describcxl 
by  IS  Abbe  Bossut,  and  illustiated  in  I^lates  1  and  II,  in 
*•  Experts*  De  Bossut.'* 

If  the  instrument  is  to  be  tested  in  a  reservoir  of  still 
water,  by  moving  it  with  different  known  velocitii»s  through 
a  given  distance,  let  .9  be  that  distance,  I  the  time  consumed 
in  passing  the  instiument  from  end  to  end  stations,  n  the 
number  of  revolutions  of  the  main  axle  in  the  given  time  /, 
c;  the  coefficient  of  revolutions  tor  the  given  velocity,  and  v 
the  given  velocity. 

Then  ^  -  t;  and  -  =  c^;  and  c^n  =  s ;  and  ^'f  =  u. 

Now  if  the  instrument  is  placed  in  a  current,  and  n  is 
the  observed  number  of  i-evolutions  in  the  given  time,  r«  may 
be  taken  from  tlie  table,  f»r  an  approximate  value  of  c^  as- 
sumed and  nearer  values  determined  by  the  formula 

—  =  c^  when  the  velocity  will  be,  p  =  ~,  (20) 

*  Xouvi'Uefi  Ebcppri^ces  «ur  k  Reaifftjiiioe  dee  Fluids  \  M,  I'Abbe  Bommt. 
Bi|if»rtf*tir-     Paris. 

Vidt,  ftlio,  ADiial«»  dc«  PanU  et  ChauHscVofi,  Nov.  <»t  Dt?r..  1847,  imd  Journal 
«l  FnmkUn  liutitute,  May.  IS31»,  a^jd  B -nufoy't*  Hydraulic  EsferimentB. 
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When  an  electric  register  is  used,  one  minate  observa- 
tionH,  iHitween  the  starting  and  stopping  of  the  recorder, 
givas  revolutions  i)er  minate  direct,  and  for  other  times 

their  mtio  r  =  / ,  in  which  ti  is  in  minates.     From  this 

ratio,  velocity  ?/  =  i)  of  flow  in  feet  per  second  is  desired, 
iind  equals 

2/  =  cx+m,  (20«) 

ill  which  X  is  the  revolutions  per  minate  and  m  the  small 
portion  of  v(»lo(!ity  balancing  friction  of  the  meter  mech- 
anism. 

A  srrios  of  trial  tests  are  to  be  made  for  rating  each 
m<»t4M*,  on  the  same  bjise  line,  in  still  water,  and  these  sev- 
<^ral  values  an*  found  from  the  experiments,  thus: 

TABLE    No.    76f#. 
CURKKNT    MkTER    RaTING    EXPERIMENTS. 
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1.5863 
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a. 3333 

4  S4M 
3i4^i 

\:x 

'iiJH 

7.71QS 
1.2766 

.4166 

7.9998 

iH'Soa 

8.3384 

Having  values  as  al)ovt%  the  series  y  may  be  plotted  to 
scale  as  abseissiis  and  the  dej>en(lent  coefficients  Cg  and  ratios 
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as  oitlinat^  and  more  complete  sei'ies  tiiken  from  the 
(scale. 

» 
If  the  experiments  are  conducted  with  proper  care  and 
1  iri^-i.sion,  and  the  meter  is  in  pro]ier  eonditicm,  the  extreni- 
iries  of  the  ordinates  T  will  be  found  to  lie  approximately 
in  a  straight  line. 


Select  from  the  minimnm  and  maximum  velocity  values, 
i\?presentative  values,  and  let  tlieir  respective  symbolH  h^  }/ 
31  nd  //";  also  let  their  respective  revolution  mtios  have 
*>yTubols  3^  and  x!\  Then,  for  the  equation  of  the  series  of 
ru tings,  we  have 


y'-y"  =  i^|<^-*^"v 


(%\h) 


j/  =  1.7544, 
tif  =  24,211, 


y'*  =  7Mm, 


t"  =  115.555. 


■        Prom  experiments  Nos.  I   and  8  of  the  series  we  have 
Bralnes,  to  substitute  in  the  etiuution, 

in  which  .0619  is  the  coefficient  for  the  meter  tested,  Tn 
the  pmcti<'al  use  of  a  meter,, .r  is  the  registert*d  rrrolutlons 
ptrr  jn/utite^  which  is  to  i>e  multiplied  by  tiie  coefficient  of 
the  given  meter  to  obt^iin  //,  the  vAocitij  in  feet  per  second 
of  that  thread  of  the  current  in  wliicli  the  meter  wheel  is 
revolving. 


J      »  .fv^i        lAi'm  -  L7iH4  ,  ,       , ,  ^  .^^, 


y  =  .0619a:  -f  .255, 


(2 
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339.  Electric  Moidliiets.— Tlie  ingenious  indicatii 
current  meter*  invented  and  introduced  in  tlieLjikeSur%*i 
by  D,  Paniiod  Henry,  C.  E.,  has  greatly  increased  the  i 
venience  and  accuracy  of  measui-ementsin  broad  and  stroii 
streams  and  tidal  estuaries,  since  with  the  aid  of  iin  electi 
battery  and  cuiTent  the  revolution  retoider  may  be  retaiue 
in  shore,  float  or  vessel,  and  one  minute  observations 
i-epeated  in  alternate  minutes. 

The  general  featiii'es  of  this  meter  are  shown  in  the  plal 
fronting  this  chuitter.     Auotiier  excellent  form   of  metel 
Fig.  C)i}a,  was  designed  by  Mr.  A.  Fletey,  resident  engint^ 
of  the  Boston  additional  water  supply.    The  writer  has  ustnl 
the  ''Price"  meter,  Fig,  ^6^/,  with  satisfactory  results  in 
rapid  and  in  deep  currents,  and  also  in  head  and  tail  races  ( 
w^ater  powers,  and  found  it  to  embody  the  best  features 
substantial  registering  current  meters. 

340.  Earlier  IlyilroiiieterH. — Castelli's  quadrant, 
liydrometric  pendulum,  Boileau  s  horizontal  gauge  glasa 
Gauthey's  and  Brunning's  pn^ssurt^  plates^  Brewster's  lung" 
screw-met*%  and  Ija])t»inft^'s  beveled  gear-meter,  have  now 
all  been  superseded  by  the  raoi-e  perfect  modeni  current 
meters. 

341.  Double  FliKits.^Various  double-float  combina- 
tions, having  one  float  at  the  surface  and  a  second  near  th€ 
bottfjm,  connected  with  the  first  by  a  cord  or  fine  wire  rope,^ 
have  been  used  both  in  Europe  and  America.  Tlie  liability^j 
of  erroneous  deductions  from  the  movements  of  such  com^l 
binations  has  been  ably  discussed  t  l>y  Prof  S.  W.  Rob*    ] 
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34^.  Mid-depth  Floate.— The  mid-depth  afloat  prove 
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TOOSfl  generally  satisfactorj-  of  all  float  apparatus,  (excepting 
full-depth  tubes,  for  gauging  artiti€ial  chamieltj  and  the 
smaller  rivers. 

This  may  consist  of  a  hoUow  metal  globe  of  say  six 
inches  diamet-er,  with  a  cork-tiito]>per  or  ix^t-cock  at  its 
lower  vertical  pole,  which  i^ennits  the  partial  filling  of  the 
globe  with  water  until  its  speciilc  gmvity,  submergfd,  is 
slightly  in  excess  of  unity.  This  globe  is  connected  by  a 
tine  flexible  wire  with  the  smallest  and  lightest  circular 
disk-tloat  upon  the  surface  that  can  retain  the  globe  in  ita 
proper  mid-depth  position. 

It  is  desiinble  that  the  float  be  controlled  as  fully  as 
possible  by  the  mid*depth  velocity,  where,  in  artificial 
channels  and  deep  streams,  the  film  of  most  constant 
velocity  is  found,  Tlie  reactions  and  eddies  tliat  continually 
agitate  all  the  ])articles  that  How  near  the  bottom  and  sicli^s 
of  the  stream,  and  the  wind  pressure  and  motion  along  the 
surface,  make  the  motions  of  all  perimeter  (so  called)  films 
very  complex,  and  continually  cause  the  pambolic  velocity 
values  in  th<*  central  veilical  plane  to  cliange  between 
flatter  and  sliarper  curves,  or  to  straighten  out  and  double 
up,  hinged,  as  it  were,  upon  a  mid-deptli  point ;  hence  tlie 
bottom,  side,  and  surface  velocities  are  liable  to  great  ineg- 
ularities,  and  these  iiTegularities  are  projected  U)  some 
extent  through  the  whole  body  <:jf  the  water.  These  cflects 
may  be  readOy  observi^  in  a  stream  carrying  tine  quartz 
tod,  upon  a  sunshiny  day,  if  a  position  is  taken  so  tliat 
the  sunlight  is  reflected  from  the  sand-grains  to  the  eye*  If 
in  such  case  the  eye  and  body  is  moved  along  with  the  cur- 
nmt.  the  whole  mass  of  water  appears  in  violent  agitation 
and  the  particles  appear  to  move  upward,  downward,  back- 
ward, foiTvard,  and  across,  with  writhing  motions,  fllns- 
trating  the  method  by  which  the  v/ater  tosses  up  and  l^ars 
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forward  its  load  of  sedimeDL  In  the  midst  of  this  agitation^ 
the  film  haviug  a  velocity  nearest  to  the  mean  resultant  ol| 
onward  progress  is  usually  over  the  mid-channel  of  a 
straight  course,  and  near  to,  or  a  little  below,  the  centre 
depth,  Tlie  suspended  float  that  takes  this  mean  velocit 
is  more  certain  to  gire  a  reliable  velocity  measure  tlmn  that, 
controlled  by  any  other  point  of  the  stream  section. 

34;i,  Msixiiiiuiii  Velocity  Floats.— If  it  is  desired 
plar.^  the  submeiTored  float  in  the  lihu  of  maximum  vehx^it 
in  artificial  channels,  then  this  may  be  sought  over  the^ 
mid-ehannel,  and  between  the  surface  and  one-third  the 
depth,  according  to  the  crosa-section  of  the  stream  and 
velocity  of  flow.  In  a  smooth  rectangular  sec*tion  uith 
dejith  equal  to  widtii,  or  with  depth  one-half  width,  it  will 
probably  be  near  one-third  the  depth,  and  higher  as  tba^ 
depth  of  stream  is  proportionately  less,  until  depth  is  onlyW 
one-fourtti  breadth,  when  it  will  have  quite,  or  nearly, 
reached  the  surface. 

The  film  of  maximum  velocity  may  reaca  the  surface  in  ' 
trapezoidal  canals  wht^i  dejith  of  stream  is  only  one-tliirti 
mean  bnnidth.     It  is  at  one-fourth  depth  in  the  trapezoidal 
channel,  Pig.  51,  in  which  bottom  breadth  equals  twice  de'^tt 

III  shallow  streams,  the  maximum  velocity  is  at  or  year 
the  surface. 

344.  Kelative   Velocities   and   Volumes   due  to 
Different  Deptiis.— When   the   mean  velocity  has  heeir 
reliably  determined  in  a  channel,  or  small  stream,  at  soni^ 
given  section,  and  for  some  particular  depth,  it  is  ofte^^*^ 
desirable  to  constnict  a  table  af  velocities  and  volumes  c>^ 
flow,  for  other  depths  in  the  siime  section,  so  that^  if  a  re^^^' 
ing  of  depth  is  taken  at  any  time  from  a  gauge  establish*''''*^ 
at  that  section,  the  velocity  and  volume  due  to  the  observ^^''^^^ 
depth  at  that  time  may  be  read  off  from  the  table. 
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The  inclination,  or  surface  slope,  i  ^  ^  y  and  the  value 

of  the  coeflBcient  of  friction,  m  ^  -^  ,  may  be  observed 

'Within  the  ordinary  extn^^mes  of  depth  at  tlie  time  of  the 
experimental  measurement,  if  opportunity  offers,  or  other- 
wise for  the  given  experimental  depth,  aud  computed  for 
the  remaining  depths. 

Theory  indicates  that  the  variation  of  velocity^  with 
varying  depth,  is  nearly  as  the  vaiiatiou  of  the  square  root 

of  the  hydraulic  mean  radius,  —  V^,  and  the  variation  of 

fxdume  of  flow  is  nearly  as  the  variation  of  the  product  of 
sectional  area  into  the  square  root  of  hydraulic  mean  radius, 

^  C 
These  terms  are  readily  obtained  for  the  several  depthSi  ^ 
from  measurement  of  the  channel. 

To  compare  new  depths,  velocities,  and  volumes,  with 
depth,  velocity,  and  volume  accurately  measured  by 
ariment,  as  imity^  * 

l«t  llie  eicpcrimentttl  c!i?|>th  be  d,  and  the  new  depth  be  rf , ; 

"    "  *'  Uy,  mean  rad.  *•  r,  *•  "  **  hy.  mean  rad.  **  r, , 

"    "  ••  8lo|>e  "  U  *•  "  '*  al«pe  **  i\ ; 

*    ••  "  coef.  of  friction  "  m,  "  "  **  coef  of  frirtion  *'  OTj  ; 

"  **  Bectioiml  area  *'  ^,  *'  *'  "  pectional  area  **  8^  ; 

"  **  velocity  *•  f,  **  "  "  velocity  *'  v^  ; 

**  *•  volume  '*  q^    *'  **  '*  volume  **  q^* 

The  relative  values  of  new  depths,  velocities,  volumes^ 
i,i  wiUbe 

^.     h'     £i      etc 
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q  :  q, 


etc 


The  ratio  of  v^  to  v  is 


Da^  j2ffr.g\^t.  j2^t^i^  |rti\mjl 


I     Till 


i  m  ) 


rtroi 


and 


\  rmii  I 


m) 


(22) 


In  long  straight  channels  of  uniform  section,  fi  will  l)e 
less  than  i  for  increased  deptlis,  and  greater  than  /  fori 
reduetHi  depths;  but  ordinarily  lexcept  witli  great  velocities] 
their  values  will  be  so  nearly  equal  to  each  otlier  that  they 
may  be  omitt*^!  from  the  equation  without  serious  error^ 
when  the  equation  of  velocity  will  become, 


I 


Vi  =  V  i 


irm%) 


(23) 


The  variations  in  m  caimot  be  neglected  in  relatively 
ghaUow  channels. 

For  Ulustration  of  the  equations,  let  Fig.  57  be  a  smooth 


Fig   57. 


3'    vn  ^xr^-'  -i^M-X^j- jL^j^yyj*-^ 


^     6 
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trapezoidal  channel,  0  feet  broad  at  the  bottom,  =  e^  and 
with  side  slopes  inclined  thirty  degrees  from  the  horizon, 


k 


EELATIVE    VELOCITIES    AND    VOLUMES. 


DtLring  the  experimental  measurement,  let  the  depth  be 
4  feet;  the  slope,  one  foot  in  one  mile  =  i  =  .(XK)189  ;  tl 
experimental  velocity,  1.201  feet  per  second;  and  the  e: 
peri  mental  volume,  62.128  cubic  feet  per  Becond. 

The  velocities  and  volumes  are  to  be  computed  when  the 
depths  are  2  feet  and  6  feet,  respectively. 
Let  d  be  any  given  depth: 

€    "    the  bottom  bit^adtlj,  =  6  feet; 
1  6    "   the  mean  bn^adtli ; 

4>    ''   the  slope  of  the  sides,  =  30^  ; 
I         S  '*   the  sectional  area ; 

C   "    the  wetted  earth  perimeter. 
Then  we  have  for  the  given  values  of  d: 


be 


Aasummo  Vjo-vm  or  d. 

.For. 

4  Fest. 

6  Fmt. 

2d 

^    tan  ^ 

"•93 
18.93 
14.00 

'■35 
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.02396 

I9.S6 

5*73 
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.000189 

.0187 

26.79 

9S.3S 

3000 
3.28 
.000185 
.0146 

n = 

gBV-«  m      .......... 

t!*;                 ......*.*    *^ 

.836 
15.825 

1,201 
62.128 

1.606 

^57-95 

f 
^.   ..     ...........    —  1 

'•                         1 

WiUi  increase  of  depth,  there  is  also  increase  of  velocity;] 
lienci?  there  are  two  factors  to  increase  of  volume. 

Some  practical  considerations  relating  to  open  caJtalsl 
are  given  in  Chap.  X\T1,  following. 


SECTION    IIL 


CHAPTER    XVI. 


RESERVOIR    EMBANKMENTS    AND    CHAMBERS. 


Practical  Construction  of  Water^works. 

M  345.  tltiiiiate  Ecouomy  of  Skillftil  C  oust  met  ion. 
■  — An  eartlnvdrk  embaiikiiipiit  appears  to  the  uninitiat^i 
I        Uie  most  Bimple  of  all  erigineering  constructions,  the  one 

I     feature  that  d(*mands  least  of  educated  jiidgnieut  and  expe- 
rience.    Possibly  from  such  delusion  has,  in  part,  resulted 
the  fact,  which  is  patent  and  undeniable,  that  failures  of 
reservoir  embankments    have  exacted  more  terrible  and 
appalling  jKmalties  of  liuman  sacrifice,  and  sacrifice  of  cap- 
ital,  than  the  weaknesses  of  all   other  hydraulic   works 
I    together* 
Each  generation  in  succession  has  had  its  notable  flood 
cataiJtrophes,  when  it^s  broken  dams  have  poui-ed  deluges 
tnto  the  valleys,  which  have  swept  away  houses  and  mills 
nnd  bridges  and  crops,  and  too  often  twenty,  fifty,  or  a 
liQndred  human  beings  at  once* 
B  Such  devastations  are  scarcely  paralleled  by,  though 

Tuore  easily  averted  by  forethought^  than  thos<»  historical 
inundations  when  the  sea  has  broken  over  the  embankt>d 
shores  of  Holland  and  England,  and  when  great  rivers 
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hare  ixmred  over  their  populous  leveed  plains,  yet  tin 
eeem  to  be  quickly  forgotten,  except  by  the  iiiiiD< 
sufferers  who  sunired  them. 

The  earliest  authenticated  historical  records  of  the  East- 
ern tropical  nations  describe  existing  storage  res^^roira  and 
embankments,  and  more  than  fifty  thousand  such 
voirs  have  been  built  in  the  Indian  Madras  Presideni 
Districts  alone.      Arthur  Jacobs,   B,  A,,   says*   of   th 
Madras  erabankments^  that  they  will  average  a  half  mile 
length  each,  and  the  longest  has  a  lengUi  of  not  less 
thirty  miles. 

Two  thousand  years  of  practice  seems  to  have  develdj 
but  a  slight  advance  of  skill  in  the  construction  of 
works,  while  their  apparent  simplicity  seems  to  have 
tracted  modem  attention  from  their  minute  details,  and  to 
have  led  builders  to  the  practice  of  false  economy  in  some  iibfl 
stances,  and  to  the  neglect  of  necessary  precautions  in  othen.     i 

Among  the  recent  disastrous  failures  may  be  mentione 
the  Bradfield  or  Dale  Dyke  embankment  of  the  SheflBeM 
England,  water- works,  in  1864 ;  the  Danbury,  Conn.,^wat 
works  embankment,  in  1866  ;  the  Hartford,  Conn., 
works  etiibaukment,  in  1867 ;    the  New  Bedford.    Ma 
water- works  embankment,   in   1868;    the    Mill    River, 
Williamsburghj  Mass.,  embankment^  in  1875  ;  and  Worces- 
ter, Mass.,  water-works  embankment,  in  1876.     More  than 
one  hiiiiclred  other  breakages  of  dams  are  upon  record  fo^^ 
New  Englaud  alone  for  tlie  same  short  i)eriod*  ^^ 

The  practical   utility  of  streams  is  dependent  largely 
upon  the  storage  of  their  surplus  waters  in  the  seasons  d$^ 
their  abundant  flow,  that  they  may  be  used  when  droughts 
would  otherwise  reduce  their  volume. 
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■  Their  waters   are   usually  stored   in  elevated  basins, 

■  "whether  stored  for  power,  for  domestic  consumption,  for 
r   compensation,  or  to  regulate  floods  ;  and  fi-eqaently  single 

embankments  toward  the  head-waters  of  streams  suspends 
I  millions  of  tons  of  water  above  the  tillages  and  towns  of 
I  the  lower  valleys.     In  other  instances,  embanked  distrib- 
"    uting  restTVoirs  crown  liigli  summits  in  tlie  midst  of  popu- 
lous cities.     Tliese  ai'e  good  angels  of  liealth,  comfort,  and 
protection^  when  poifonning  their  appointed  duties,    but 

I  very  demons  of  destruction  when  their  waters  break  loose 
npcjn  the  liillsides. 
Every  consideration  demands  tiiat  a  stomge  res<:*r\^oir 
embankment  shall  be  as  durable  as  the  hills  upon  which  it 
rests.  To  this  end,  no  water  is  to  be  penuitted  to  percolate 
and  gather  in  a  rill  beneath  the  embankment ;  its  core  must 
be  so  solid,  heavy  and  imper\ious  that  no  water  shall  push 
it  aside,  lift  it  up  or  flow  through  it,  or  follow  along  its  dis- 
charge pipes  or  waste  culvert ;  it.s  core  must  be  protected 
from  abrasions  and  disintegrations ;  and  its  waste  overfall 
must  be  ample  in  length  and  strength  to  pass  the  most 
cxtmordinary  flood  without  the  embankment  being  over- 

Ifoppc^d, 
;M<i.   Embiiiikiiieiit  FoiiiidatioiiH* — The  foundation 
Upon  which  the  structure  rests  is  the  iirst  vital  ])oint  requir- 
ing  attention,  and  may  contain  an  element  of  weakness  that 
shall  ultimately  leM  to  the  destruction  of  the  stinicture 
l>lac<^d  upon  it. 
The  sui)«^rp08ed  drift  strata  beneath  the  surface  layer  of 
^nck  or  vegetable  soil  may  consist  of  various  combinations 
^Of  loam,  gravel,  sand,  quicksand,  clay,  shale  and  dentorab 
^I^kumI  roclc,  nesting  u|K>n  the  solid  iiMi*ervions  roi*k,  or  above 
■&n  imi>ervious  stratum  of  sutti(Ment  thickness  to  resist  the 
■"peuetration  of  wati^r  under  pressure.     IS  the  water  is  raised 


the" 


fifty  feet  above  the  surface  and  there  are  thirty  feet  of  per- 
vious earth  in  the  bed  of  the  valley,  then  tlie  pressure  upc»n 
the  bed  stmtum  will  be  five  thousand  pounds,  or  two  and 
one- half  tons  per  squai'e  foot^  which  will  tend  to  force  the 
water  toward  an  outlet  in  the  ralley  below.    That  much 
the  natural  earth  is  porous  is  well  demonstrated  by  the 
freedom  witli  which  water  enters  on  the  plains  and  courses 
tlirough  the  strata  to  the  springs  in  the  valleys,  even  with*_ 
out  a  head  of  water  to  force  its  entrance.    Such  poroi 
strata  must  be  cut  off  or  sealed  over,  or  the  permanency  and 
efficiency  of  the  struetiu'e,  however  well  executed  above^ 
cannot  be  assured. 

If  tlie  valley  across  which  the  embankment  is  thrown  is 
a  valley  of  denudation,  or  if  the  embankment  stretches 
across  one  or  more  ridges  to  cover  several  iidnor  vallejs 
with  a  broad  lake,  tlie  watei-s  in  rising  may  cover  the 
outcroppiiit^  edges  of  coarse  porous  sti-ata  that  shall  U^ad 
the  Ho  wage  by  subterranean  paths  to  distant  springs  when? 
water  had  not  flowed  before.    Hence  the  necessity  of  a 
thorough  examination  of  the  geological   substructure  af< 
the  valley,  and  of  tests  by  trial  shaft.s,  supplemented  hv 
deep  borings,  of  the  site  of  the  embankment  and  the  liiU- 
sides  ui)ou  which  it  abuts.     Tlie  test  borings  should  coverj 
some  distiince  above  and  below  the  site  of  the  embankmeul 
lest  a  mere  pocket  filled  with  im]x»rvious  soil  be  mistake 
for  a  thick  strata  supposed  to  underlie  the  whole  vicinitj' 

The  trial  shafts  only,  permit  a  proper  examination  of  t^^ 
covered  rarlv,  which  may  be  so  shattered,  or  fissured,  as  ^^ 
be  able  to  conduct  away  a  considerable  quantity  of  wat-^* 
or  to  lead  water  from  the  adjoining  hills  to  form  sprin^^ 
under  tlie  foundations. 

Several  deep  reservoirs  constructed  within  a  few  y< 
past  have  demanded  excavations  for  cut-off  walls,  to 
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depth  of  a  hundred  feet  at  certain  points  along  their  lines, 
but  the  porosity  and  the  firmness  uf  the  strata  in  such  cases 
are  p<3ints  demanding  the  exercise  of  the  most  mature  judg- 
ment, tliat  the  work  may  be  made  sure,  and  at  the  same 
time  labor  be  not  wasted  by  unnecessarily  deep  cutting, 

■  Thoroughness  in  the  preliminary  examination  of  the 
6tibstTata  of  a  proposed  site  may  frequently  result  in  the 
avoidance  of  a  gn^at  deal  of  vexatiotis  labor  and  enhanced 
cost  that  would  otherwise  foUow'  from  tlie  location  of  £tn 
embankment  over  a  treacherous  snb-foundation. 

■  347.  Spriii^8  uiiiler  FfHiiiclatloiis. — If  the  excava- 
tion shall  cut  off  or  expose  a  spring  that,  wlien  confined, 
will  produce  an  hydrostatic  pressure  liable  to  endanger  the 

^ outside  slope  of  the  embankment,  it  must  be  followed  back 
by  a  drift  or  ojx^n  cutting  to  a  point  from  whence  it  may 
be  safely  led  out  in  a  small  pii>e  below  the  site  of  the 
■nbankment. 
a48,  Surface  SoUh,— Dependence  cannot  be  place<l 
upon  the  vegetal>le  soil  lying  ujxm  the  site  of  an  enibank- 
ment  to  hold  wat4*r  under  pressure,  for  it  is  always  porous 
in  a  state  of  nature,  as  is  also  the  subsoil  to  the  depth  pene- 
trated by  frost.  The  vegetable  ^o]]  should  bo  rlearrd  fiT>m 
Wnpath  the  core  of  the  embankment,  and  the  subsoil  rolled 
and  comjiacted. 

The  vegetable  soil  will  be  valuable  for  covering  the  top 
and  outride  slo^^e  of  the  embankment. 

If  good  hard-pan  underlies  tlie  surface  soil  to  a  depth 
»uflBcient  to  make  a  strong  foundation  for  the  embankment^ 
then  Us  surface  should  be  broken  up  to  the  depth  it  has 
been  made  porous  by  frost  expansion,  and  the  material 
rolled  down  anew  in  thin  layers  with  a  grooved  roller  of 
not  If^ss  than  two  tons  gross  weight,  or  of  one-half  ton  per 
linen  I  foot 
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If  next  to  the  surface  eoil  there  is  a  layer  ot  hard 
witliin  the  bai^iu  to  be  flowed,  and  this  hard-pan  covei-so 
and  porous  stiuta  that  extend  below  the  dam,  cautl 
should  be  used  in  distuibing  the  hard-pan,  lest  the  wat< 
be  admitted  freely  to  the  porous  strata,  when  it  will  esca 
perhaps  by  long  detour  ai-ound  the  danj. 

349.  Concrete  €iit-off  W all8.— If  the  trench  for  t 
cut-oft*  wall  is  deep  and  veiy  irregular,  it  is  well  to  level  u 
in  the  cuts  with  a  icater-proofcoucretje  well  settled  in  pL 
and  this  may  prove  more  economical  than  to  cut  the  d 
trench  of  suflicient  width  to  receive  a  reliable  puddle  wall 
also,  the  greater  reliability  of  the  concrete  under  great  p: 
sure  should  not  be  overlooked, 

850.  TreaelierouH  Strata.— In  one  instance  the  wri 
had  occasion  to  construct  a  low  embankment,  not  exi 
ing  twenty  feet  height  at  the  centre,  across  an  abraided 
through  a  plain.    The  embankment  was  to  rf^ain  a  gtoi^age 
of  water  for  a  city  water  supply,  and  the  enclosed  lake  wi 
to  have  an  area  of  200  aci-es. 

The  test  pits  and  soundings  developed  tlie  fact  that  tlie 
abraided  valley  and  adjacent  plains  were  underlaid  with  a 
stratum  of  tine  sand  twelve  feet  in  thickness,  which,  when 
disturbed,  became  a  quicksand,  and  if  water  was  admitted 
to  it,  would  flow  almost  as  freely  as  water. 

Tlie  sand  lay  in  a  compact  mass,  and  would  not  paes 
water  freely  until  disturbed.  Above  tlie  sand  was  a  layei 
of  about  three  feet  of  fine  hard-i>an,  and  above  this  aboul 
three  feet  of  good  meadow  soil  had  formed. 

For  this  case  tlie  decision  was,  not  to  uncover  the  quicl^' 
mud,  but  to  ^m\  it  over  in  the  vicinity  of  the  embankmea'^| 
The  foundation  of  the  embankment,  and  of  the  waste  ovt*^ 
fall  which  necessarily  came  in  the  centre  of  lengUi  of  tl^^ 
embankment,  was  made  of  concrete  of  such  thickness  as  ^^ 
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properly  distribute  the  weight  of  the  earthwork  and  over- 
fajl  masonry.  Above  the  embankmeut,  tifter  a  caivfiil 
cleaniag  of  the  soil  to  the  depth  peiietrat*?d  by  the  grass 
loots,  the  yalley  was  covered  with  a  layer  of  gmvel  and| 
clAy  puddle  for  a  distance  of  oue  hundi*t'd  feet. 

Beneath  the  toe  of  the  inside  sIojk?,  where  the  bottom 
puddle  joined  the  concmte  foundatiunj  a  trench  was  cut 
acroas  the  valley  into  the  quicksand,  aa  deej)  as  could  be 
excavated  in  sections,  with  the  aid  of  the  light  pumping 
power  on  hand,  and  sh^^et  piling  placed  therein  and  driven 
through  the  quicksand,  and  then  the  trench  was  liUed 
around  the  piling  with  puddh?,  thus  forming  a  puddle  and 

I  plank  curtain  under  the  inside  edge  of  the  embankment 
Sach  expedients  are  never  entirely  free  from  risks, 
especially  if  a  faithful  and  competent  inspector  is  not  re- 
tained constantly  on  the  w^ork  to  observe  that  orders  are 
obeyed  in  the  miniit^'st  detail. 

In  tUe  case  in  question  many  thousands  of  dollars  were 
aareda  and  the  work  has  at  present  writing  successfully 
stood  the  test  of  seven  years  use,  during  wliich  time  the 
most  fearful  Hood  storm  ivcorded  in  the  pres<*nt  century  has 
swept  over  the  section  of  Connecticut  where  the  storage  lake 
is  situated, 

351.   Etnbankiiieiit   Core   Materials.  —  Karely  are 

materials  tbund  ready  mixcHi  and  close  at  hand  for 

the  construction   of  tfie  core  of  the  embankment.     It  is 

<^!i3:*ntial  that  this  portion  be  so  compounded  as  to  be  im- 

pcrrious* 

If  we  fill  a  box  of  known  cubical  capacity,  say  one  cubic  ' 
yard,  with  shingle  or  scn^ened  coarse  gnivel,  we  .shall  tlien 
find  that  we  can  pour  into  the  full  box  with  the  giavel  a 
volume  of  water  equal  to  twenty-eight  or  thirty  |)er  cent, 
of  the  cajyacity  of  the  box,  according  to  the  volume  of  voids ; 
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or  if  we  attempt  to  stop  water  with  the  same  thickness  (one 
yard)  of  gra^el^  we  shall  find  that  water  will  flow  througli 
it  very  freely.    Then  let  the  same  gravel  be  dump^  out 

,  upon  a  platform  and  twenty -eight  i>er  cent  nearly  of  tine 
gravel  lx»  mixed  with  it,  so  as  to  till  the  voids  equally,  and 
the  whole  be  put  into  the  measuring-box.  We  now  lind 
that  we  can  again  pour  in  water  equal  to  about  thirty  per 
cent,  of  the  cubic4il  measure  of  the  fine  gravel*    Then  let  tine 

,  sand,  equal  to  this  last  volume  of  water,  be  mixed  with  the 
coarse  and  tine  gravel,  and  the  whole  returned  to  the  meas-^ 
ure*    We  now  tind  that  we  can  pour  in  water,  thougli  notfl 
so  mpidly  as  before,  equal  to  thirty-tliree  per  cent  approx- 
imately of  the  cubical  measure  of  the  sand,  and  we  resort 
to  fine  clay  equal  to  the  last  volume  of  the  water  to  again 
fill  the  voids.    The  voids  are  now  reduced  to  microscopic — 
dimensions,  ^ 

If  we  could  in  practice  secure  this  strict  theoretical  pro- 
portion and  thorough  admixture  of  the  material,  we  should 
introduce  into  one  yard  vohiine  quantities  as  follows:  Coarse 
gravel,  1  cubic  yard  ;  fine  gravel,  0.28  cubic  yard ;  sand, 
0.08  cubic  yard  ;  and  clay,  0.03  cubic  yard,  or  a  total  of 
the  separate  niaterialf^  of  1.39  cubic  yards.  ■ 

In  practice,  with  a  reasonable  amount  of  labor  applied 
to  thorou^lily  mix  the  materials  so  as  to  till  the  voids*  we 
shall  use,  approximately,  the  following  proportion  of  ma-^ 
terials : 


Coarse  jsrravel.. •  •  1*00  cnblc  jtad. 

Fin<?pravel 036     ** 

Satid 015     *♦         •* 

Clay ,. , 0^ 

Total., 1.70     * 


wbich,  when  mixed  loosely  or  spread  in  thin  layers,  win 
make  about  one  and  three-tenths  yards  bulk,  and  when 
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tlaoroogUly  compacted  in  the  einbaiikment,  wiU  make  about 
out}  and  one  quarter  cubic  yards  bulk. 

The  voids  now  remaining  in  the  mass  may  each  be  a 
thousand  times  broader  than  a  molecule  of  water,  yet  they 
are  sufficiently  minute,  so  that  molecular  attraction  exerts 
M  strong  force  in  each  and  resists  flow  of  tlie  molecules, 
even  under  considerable  head  pressui-e  of  water. 

It  will  be  interesting  here  to  compare  the  weights  of  a 
solid  block  of  granite  with  its  disintegrated  products  of 
gravel  and  sand,  taking  for  illuBtration  a  cubic  loot  volume. 


TABLE     No.     77. 
Weights  of  Embankment  Materials. 


Matsrial. 

Granite.   

Coarse  Gravel. . , 

Gravel 

Sharp  Sand . , . « . 

Clay 

Water.    . , 


Av.  Wbigkt.       SrwiFic  GitAVmf. 


1 66 

I20 

ii6 
no 

62.5 


lbs. 


2,662 
1925 
1. 86 1 

1-765 
2.000 
1. 000 


Av.  VoiDt 


.28  per  cent 

•33    "      " 
.12    «      " 


If  the  shingle  is  omitted  and  common  gravel  is  the  bulk 
to  receive  tlie  finer  materials,  tlien  the  propoitions  in  prac- 
may  be : 

Cotnnion  gravel 1.00  cubic  yard* 

Sftsd 0.36      '* 

a^y <K35     "        '* 

1.61 

which,  when  loosely  spread,  will  make  about  one  and  one- 
si^h  yards  bulk;  and  compacted,  some  less  than  one  and 
ou«^-tenth  yards  bulk. 

Gravel  is  usually  found  with  portions  of  sand,  or  sand 
and  clay,  already  mixed  with  it,  tliough  rarely  with  a  suf- 
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ficiency  of  fine  material  to  fill  the  voids.     Tlie  lacking  i 
terial  slionld  be  supplied  in  its  dae  proportion,  wliether  j 
be  fine  gravel  sand,  fine  sand,  or  clay.    The  voids  must 
tilled,  at  all  events,  with  some  durable  fine  material,  tc~ 
ensure  imperriousness. 

It  is  sometimes  found  exi)edient  to  substitute  for  a  por- 
tion of  the  fine  sand  or  clay,  portions  of  loam  or  selected^ 
soil  from  old  ground,  and  on  rare  occasions  peat, 
neither  peat  nor  loam  sliould  be  introduced  in  bulk  iii 
the  core  of  an  embankment. 

There  is  a  geneml  prejudice  against  the  use  of  peat 
surCace  soils  in  embankments,  and  the  objections  hold  ^ 
when  they  are  exposed  to  atmospheric  influencc?SL 
Wiggin  remarks,*  however,  that  a  peat  sea- bank  which 
opened  after  being  built  for  seventeen  years,  exhibited  iJi 
material  as  fibrous  and  undecayed  as  when  first  depositee 

Weight  is  a  vahml>le  pinperty  in  embankment  materia 
when  placed  upon  a  firm  foundation,  since,  for  a  given  bn 
the  heavier  material  is  able  to  i-esist  the  greater  pressure. 

Pi»at  and  loam  are  very  deficient  in  the  weight  propertyji' 
and  therefoni  need  the  snpix)rt  of  heavier  materials.    ttay_ 
is  heavier  than  sand  or  fine  gravel ;  shingle  is  heavier  tli 
clay ;  but  the  compound  of  shitigh*,  gravel,  sand,  and  clay, 
above  described,  is  heavier  than  eitlier  alone,  and  weigbsj 
when  compacted,  for  a  given  volume,  nearly  as  much 
solid  granite, 

Cohesiveness  and  stability  are  valuable  projierties  \t^ 
embankment  materials,  but  sand  and  gravel  lack  permsi^H 
nent  eohesivenesi^,  and  clay  alone,  though  quite  cohesive-^P 
is  liable  to  slips  and  dangerous  fissures,  if  unsupported 
but  a  proper  combination  of  gravel,  sharp  sand,  and  clayj 
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ivos  all  the  valuable  properties  of  weiglit,  coliesiveness, 
ability,  and  hni)ervioui>iiess, 
352.  Feeiiliiir  PresBures. — There  are  pecnh'ar  pivB- 
sore  inflaencea  in  an  earthwork  Btracture  that  are  not 
identical  with  tlie  tliecndcal  liydrostatic  pressings  upon  a 
tight  mason rj^,  or  fully  hn  pervious  structure  of  tlie  same 
form.  The  hydrostatic  pressure  ui)on  an  im]ien'ious  face, 
whatever  its  inclination,  might  be  resolved  into  its  hori- 
zontal resultant  (§  171),  and  that  resultant  would  be  the 
theoretical  force  tending  to  push  the  structiu^e  down  the 
valley,  and  would  be  equal  to  the  ]>ressun3  of  the  same 
depth  of  water  acting  upon  a  vertical  face.  The  pressure 
would  be,  upon  a  vertical  £ace,  per  square  foot^  at  the  given 
depths,  as  follows : 


Depth,  In  feet.  ., 
PkOHxre,  In  lbs.. 


5 


«*4,3 


IS    I  »     «5 


30  '  35  I,  40 
<«73  "«sia497 


45      SO 

a8o9  UtJi 


60     70 
374^4570 


80 
49^ 


90 

56ifi 


6a43 


The  efTective  action  of  the  theoretical  horizontal  resultant 
ncutrali2<-*d  somewhat  upon  an  impervious  slope  by  the 
^ight  of  water  upon  the  slope. 

But  all  embankments  aix?  iiervious  to  some  extent.     If 

with  the  assistance  of  the  pressure,  the  water  penetrates  to 

the  centre  of  the  embankment,  it  presses  there  in  all  dii-ec- 

tions,  upward,  downward,  foi-ward  and  backward,  and  at  a 

depth  of  fifty  fi^t  the  pressure  will  be  a  ton  and  a  half  \a:t 

square  foot.     Such  pressure  tends  to  lift  the  embanknu-nt, 

and  to  soften  its  substance,  as  well  as  to  press  it  forward, 

and  if  in  course  of  time  the  water  penetrates  past  th(*  centre 

it  niay  n*ach  a  point  when*  the  w*»ight  or  the  impervii»n8ness 

LOf  tbe  outside  slope  is  not  suflieient  to  n^sist  the  pressure. 

Pirhen  the  embankment  will  crack  open  and  be  speedily 

breached. 

That  ix>rtion  of  the  embankment  that  is  penetrated  by 


» 


has  its  weiglit  iieutiulized  to  the  extent  oj 
eiglit  of  the  water,  or  at  any  depth,  a  total  equal  to  the 
ater  i^ressure  at  that  depth ;  thus,  at  fifty  feet  depth,  that 
l>ortioii  i^euetrated  is  reduced  in  its  total  weight  a  total  of 
one  and  one-l)alf  tons  per  square  foot. 

Hence  the  value  of  imperriousness  at  the  front  as  well 
as  in  the  centre  of  the  embankment,  so  that  the  maxiraum 
mount  of  its  weight  may  be  effective. 
If  wati^r  jienetrates  the  subsoil  beneath  tlie  embankment, 
as  is  fixH^ueutly  the  case,  it  there  exerts  a  lifting  pressun* 
ixliug  to  its  depth, 
3o;j,  Earthwork  Slopes. — If  earth  embankments  of 
tlie  forms  usually  given  to  them,  and  their  subsoils  also, 
were  quite  imi>erv  ions,  as  a  wall  of  good  concrete  would  be, 
tlie  embankments  would  have  a  lai^e  surplus  of  weight, 
and  tuiglit  be  cut  down  vertically  at  the  centre  of  their 
bn^adth,  and  either  lialf  would  sustain  the  pressure  and 
impact  of  waves  with  safety,  but  the  vertical  wall  of  earth 
would  not  stand  against  tlie  erosive  actions  of  the  waves 
and  stonns.     Surface  slo|>es  of  earthwork  are  controlling 
elements  in  their  design,  and  govern  their  transverse  profiles. 
Different  earths  have  different  degrees  of  permaneai 
stability  or  of  friction  ot  their  particles  upon  each  othef^ 
tliat  enable  them  to  maintain  their  respective  natural  su^ 
face  slopes,  or  angles  of  repose,  against  the  effects  of  gravity 
oniinary  storms,  and  alternate  freezings  and  tha wings,  unt5 
nature  binds  their  surfaces  together  with  tlie  roots  of  weed^ 
grasses  and  shrubs.    The  coefficient  of  friction  of  eartS 
equals  the  tangent  of  its  angle  of  repose,  or  natural  slope^ 
The  anitmnt  or  value  of  the  slope  is  usually  described  by 
Btuting  the  ratio  of  the  horizontal  base  of  the  angle  to  it^ 
ertical  height,  which  is  the  reciprocal  of  the  tangent  of  the 
Incliuatiou. 
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The  following  data  relating  to  these  values  are  selected* 
in  part  from  Rankine,  and  to  them  are  added  the  angles  at 
whicli  certain  e^irths  sustain  by  Iricliun  other  materials  laid 
upon  tlieir  inclined  surfaces. 

TA  BL  E     No.     78. 
Angles  of  Repose,  and  Friction  of  Embankment  Matcrials. 


HATERIAt» 


sand,  fine 

"     cofirse     

Dimp  cliv  

Wet  clay  V , 

Clayey  gravel  

Shingle  .,...-., , . 

Gravci , 

Finn  loam 

Vcgctahlc  soil   

Pdjt   . . , 

Masonry,  on  clayey  gravel 

**  dry  clay 

**  moist  clay.    , 
Karth  on  moist  clay 
**      **   wet  clay 


Anglb  or 


28° 
42 

20 

30° 

< 
18° 

45: 
17 


CoKpriciKKT  or 

PmCTICN. 


•532 

•577 
1,000 

.268 
1,000 
.900 
.781 
.727 
.700 
.364 

•577 
.510 

•325 

i*ooo 

.3€»^ 


Ratio  of  Slops. 


1.88 

173 
1. 00 

3-73 
1,00 
1,11 
1.28 
1.38 
1^43 
2-75 
1-73 
1.96 
3.08 
1.00 
3,26 


IVr/. 


to 


Inclined  earth  surfaces  are  most  frequently  dressed  to 
the  slopes,  having  ratios  of  bases  to  verticals,  respectively 
1 J  to  1 ;  2  to  1  ;  2^  to  1  ;  and  3  to  1 ;  corresponding  respect- 
ively to  the  coeOicifnts  of  friction  0,67,  OJO,  0.40,  and  0.33, 
and  to  the  angles  of  repose  33i^  26i^  21 1\  and  18J^ 
nearly. 

GraveK  and  mixtures  of  clay  and  gravel,  will  stand 
ordinarily,  and  ix^sist  ordinary  st4irms  at  an  angle  of  1.^  to  1, 
but  the  angle  must  be  reduced  If  the  slope  is  exposed  to 
accumulations  of  storm  waters  or  to  wave  actions,  and  upon 


♦  ClvU  Engineeriug,  p.  810.     LondoQ,  1872. 
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bnKid  lake  shores  iJie  \^'aves  will  reduce  coarse  gravel,  if 
uiipn)tt'i*kHl,  to  a  slope  of  6  to  1,  and  finer  nmieiiak  w 
lesser  slopes.    Complete  satruiution  of  clay,  ioaiOi  asd  T«g^ 
table  soil,   destroys  the  considerable  cohesion  tljey  haTC 
when  merely  moistened,  and  they  become  mud*  and  assumft^ 
slopc^s  nearly  horizontal ;  hence  the  conditions  to  whidi 
ab4>ve  tiible  n:*fer8  may  be  entirely  destroyed  and  the  angi 
be  much  tlattened,  unless  the  slopes  are  properly  pmt* 
On  the  otlier  hand,  the  table  does  not  refer  to  the  tempo] 
stability  whicli  some  moist  earths  have  in  mass,  for  coi 
pact  clay,  gmvel,  and  even  coarse^  sand  may,  when  tliei 
adht*sion  is  at  its  maximum,  or  when  their  pores  are  par- 
tially and  nearly  tilkKl  with  water,  be  trenched  through, 
and  the  sides  of  the  trench  stand  for  a  time,  nearly  vertic-al, 
at   heights  of  from  6  to   15  ft^et     In  such  cases,  loss  or 
increase  of  moisture  destroys  the  adhesion,  and  the  sides  of 
the  trench  soon  begin  to  crumble  or  cave,  unless  supported 
3i>4,  Reeoiiiioissaiice  for  Site. — Let  us  assume,  for 
illustmtion,  that  a  storage  resen^oir  is  to  be  formed  in  an 
elevated  valley.     The  minimum  allowable  altitude  belDg 
fixed  upon,  and  designated  by  reference  to  a  permamiit 
bi^nch  mark  in  the  outfall  of  the  valley,  the  valley  is  then 
explored  from  the  given  altitude  upward  for  the  most  favor- 
able site  for  the  storage  basin,  and  for  the  site  for  a«^ 
embankment,  or  dam,  as  the  circumstances  may  reqnij 
We  may  ex]>ect  to  Jiiid  a  good  site  for  the  storage  at  soi 
point  where  a  broad  meadow  is  flanked  upon  each  side  b; 
abrupt  slopes,  and  where  those  Blo|>es  draw  near  to 
other  at  the  outlet  of  tlie  meadow,  as  is  frequently  the 
Having  found  a  site  tiiat  appears  favorable,  a  pieliminai 
reconnoissance  with  instruments  is  made  to  determine  if  tlv 
basin  has  the  required  amount  of  watershed  and  storage"' 
capacity,  previously  fixed  upon  (§  59),  and  to  determine 
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Ipproximately  the  height  the  enibankment  or  masonry 
Idiim  must  have.  If  tlie  preliniiimiT  3'econnoissanct*  gives 
itisfiictory  results,  tlieo  the  site  whei-e  the  embankment 
in  be  buUt  most  economically  and  substantially  is  care- 
fully sought,  and  test  pits  and  borings  put  doiMi  at  the 
Ipoint  giving  most  promise  upon  the  surface.  It  is  inipcrt- 
mt  to  know  at  the  outset  that  the  subsoil  is  lirni  enough  to 
the  weight  of  the  enibaokraent  without  yielding,  and  if 
Jthfre  is  an  impervious  substratum  that  mil  retain  the  pond- 
water  under  pressure.  It  is  important  also  to  know  tliat 
^suitable  materials  are  obtainable  in  the  immediate  vicinity. 
355.  Detailetl  Surveys. — The  preliminary  surveys  all 
iving  satisfact<»ry  indications  avS  respects  extent  of  riowage, 
relume  of  storage,  depth  of  water,  inclination  and  mat(*rial 
of  shore  slopes,  soOs  of  flowed  basiu,  and  the  detailed  sur- 
iTpys  confinning  the  first  indications,  and  also  establishing 
llhat  the  drainage  area  and  rainfall  sui>]>lying  the  basin  is 
lof  ample  extent  and  quantity  to  supply  the  required  amount 
lof  water  {§  24)  of  suitable  quality  (§  lOO  et  seq,) ;  then  let 
Ins  suppose  tliat  the  conditions  governing  the  retaining  em- 
lliankment  may  best  be  met  by  a  construction  similar  to 
[that  shown  in  Fig.  50,  based  upon  actual  practice. 
I  356,  Illiistrutive  €a«€*.— Hen*  the  wat^^r  was  raised 
■fifty  feet  above  the  thread  of  the  valley.  The  surface  of  the 
[inn>ervious  clay  stratum,  containing  a  small  portion  of  fine 
■ttavel,  was  at  its  lowest  dip  thirty  feet  below  the  sujface 
IRr  the  valley,  and  was  overlaid  at  this  point,  in  the  following 
[order  of  sujK^riiosition,  with  stmtas  of  sandy  clay,  coarse 
I  sand, quicksand » sandy  marl,  gravel  and  sand,  gravelly  loam, 
I  and  vegetable  surface  soil,  each  of  thickness  as  figured. 
I  Gravel  and  sand  and  loam  were  obtainable  n^idily  in 
[  *hi*  immediate  vicinity,  but  clay  was  not  so  readily  pro- 
I      red,  and  must  therefore  needs  be  economized. 
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JMPT.  rti|.ofr  Wall — A  broad  trench  was  cut.  after 
oUMUitiK  "f  *hi>  surboi>  soil,  down  to  the  sandy  mwli 
Uh»«  m  utirntw  tiviioh  cut  down  to  eighteen  inches  depth  in 
tin*  thick  oU^y  «tmt».  ttnisshiog  four  fe*t  wide  at  the  bottom. 
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^p^O),  requiring  for  one  cubic  yard  of  core  in  place,  ap- 
proximately ; 

CcMiroe  gravel...... _    ,74cubicfard 

Pine  " ,:30     "      *  '* 

Bftnd Jl     *' 

Ckj........ _, 15     «* 

AThen  measured  by  cart-loads,  these  quantities  became 
eight  loads*  of  mixed  gravels*  one  load  of  sand,  and  two 
loads  of  clay,  the  cubic  measure  of  each  load  of  clay  being 
slightly  less  than  that  of  the  diy  matenals.  The  gmvel 
was  spread  in  layers  of  two  inches  thickness,  loose,  the  clay 
evenly  spread  upon  the  gravel  and  lumps  broken,  and  the 
sand  spn*ad  upon  the  clay.  When  thi^  triple  layer  was 
spread,  a  liaiTow  was  passed  over  it  until  it  was  thoroughly 
mixed,  and  tlien  it  was  thoroughly  mlled  with  a  two-ton 
grooved  roller,  made  up  in  sc^ctions,  the  layer  having  Ix^en 
first  moistened  to  just  tliat  consistency  that  would  cause  it 
to  knead  like  dough  under  the  roller,  and  become  a  com- 
pact solid  mass. 

Such  a  core  ]iacks  down  as  solid,  resists  the  yjenetration 
or  abrasion  <jf  water,  nearly  as  well,  and  is  nearly  as  diffi- 
cult to  cut  through  as  ordinary  concrete,  while  rats  and  eels 
are  unable  to  enter  and  tunnel  it. 

The  pro])ortions  adopt^Mi  for  the  core  was — a  thickness 
of  five  feet  at  tlie  top  at  a  level  thn^e  feet  above  high*water 
mark,  and  approxitnati^  slopes  of  1  to  1  on  each  side. 

For  the  maximura  height  of  fifty-four  feet  tliis  gave  a 
breadth  of  113  feet  base. 

This  coi*e  was  abundantlj^  able  to  resist  tlie  jwTcolation 
of  the  water  through  itsiAf,  and  to  resist  the  git^atest  preg- 

♦  Seven  hwU  *>f  rourtw?  nud  thri.'e  loadfl  of  fine  gravel  make,  wben  mixed, 
ftbom  eight  limU«  bulk 
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I         suru  of  the  water,  and  had  these  been  the  only  matters  to 

I         provide  for,  the  embankment  core  would  have  been  tbe 

^^    complete  embankment, 

^1  ;{59.  Frc>»t  Covering. — ^Prost  would  gradually  peiie- 

trate  det^per  and  deejjer  into  that  part  of  the  work  abore 
wat.r  and  into  the  outside  slope,  and  by  expansions  make 
it  porous  and  loose  to  a  depth,  at  its  given  latitude,  of  from 
four  to  five  ftH?t*  A  frost  covi^ring  was  therefore  placed 
upon  it^  and  carried  to  a  height  on  the  inside  of  five  feet 
above  high-water  line,  and  of  just  sufficient  thickness  at 
higli-water  line  to  protect  it  from  frost. 

The  frost-coverhig  was  composed  of  such  materials  as 
coidd  be  readily  obtained  in  the  vicinity  of  the  embank- 
ment.  It  was  built  up  at  the  same  time,  in  tJun  layers,  with 
the  core,  and  the  whole  was  moistened  and  rolled  alike, 
making  the  whole  so  compact  as  to  allow  no  apjmn'nt 
''after  settle  me  nV  The  warn  slope  was  built  eiglitet^n 
inches  full,  and  tlien  dressed  back  to  insure  solidity 
neath  the  pavement. 

The  core  of  an  embankment  should  be  built  up  at  \ 
to  the  liigliest  Hood  level,  wliich  is  dejM^ndent  upon  leoj 
of  overfall  as  well  as  height  of  its  ci*est,  and  the  frost-covei 
iug  should  be  biult  of  good  materials  to  at  least  three  fi 
above  maximum  flood  leveL 

360.  Slope  Paving,— The  exterior  aloi)e,  when  soil 
was  dressed  to  an  inclination  of  1|  to  1  ;  the  interior  slo] 
was  made  2  to  1  from  one  foot  above  high  water  down  to  ^^ 
level,  three  feet  below  proposed  minimum  low  waUT,  wher^^ 
there  was  a  berm  five  feet  wide,  and  tlie  remainder  of  th^ 
slope  to  the  bottiim  was  made  1^  to  1.  Tlie  lower  interior^ 
slope  was  pav«^l  with  large  cobbles  driven  tightly,  the  berm  ' 
with  a  double  layer  of  flat  quarried  stone,  and  the  upi^et 
slope,  which  was  to  be  exposed  to  wave  action,  was  covi 
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oSefoot  thickness  of  macliine-broken  stone,  like  **  road 
fnf'lal,''  and  then  paved  with  split  gnioite  paving-blocks  of 
ilimeDdionH  as  follows  :  Tliickness,  10  to  14  inches ;  widths, 
12^  14,  or  16  inches ;  and  lengths,  24  to  48  inches. 

A  grauite  ledge,  in  sheets  favorable  for  the  splitting  of 
the  above  blocks,  was  near  at  hand,  and  supplied  the  most 
economical  slope  paving,  wlien  labor  of  placing  and  future 
maintenance  was  considered.  From  one  fo<^^>t  above  high 
urater  to  the  underside  of  tlie  coping,  the  paving  had  a  slope 
of  1  to  1,  and  the  face  of  the  coping  was  vertical. 

361.  PtidflU^  WalI*^Tlie  policy  might  be  considered 
questionable  of  using  clay  in  so  large  a  section  of  the 
embankment,  when  the  haulage  of  the  clay  was  greater 
tlian  of  any  of  the  other  materials,  and  when  the  clay  might 
be  confined  to  the  lesser  section  of  the  usual  form  oi  ptiddle 
walL  These  raetliods  of  dispf>sing  the  clay  were  compared 
in  a  preliminary  calculation,  both  upon  the  given  basis,  and 
that  of  a  puddle  wall  of  minimum  allowable  dimensions, 
viz,,  five  feet  thick  at  the  top  and  increasing  in  thickness^ 
on  each  side  one  foot  in  eight  of  height,  which  gave  a  maxi- 
mum thickness  of  18.6  feet  at  base  with  54  feet  height,  (See  j 
dotted  lines  in  Fig.  59.) 

The  estimate  of  loose  materials  for  each  cubic  yard  of 
complete  core  was— coarse  gravel,  .74  en.  yard  ;  fine  gravel, 
.26  cu.  yd. ;  sand,  .07  cu*  yd,  ;  and  clay,  ,15  cu.  yd. ;  and 
for  puddle  wall  of  equal  parts  of  gravel  and  clay — gravel 
.69  cu.  yd.,  and  clay  .59  cu.  yd. 

This  calculation  gave  the  exc-ess  of  clay  in  the  maximum 
depth  of  embankment,  less  than  4  cubic  yards  p»r  lineal 
foot  of  embankment,  and  the  excess  at  tlie  mean  de|)th  of 
tliiity  feet,  about  three- fourths  yard  per  li  ritual  foot  of 
embankment, 

Tlie  difference  in  estimated  first  cost  was  slightly  against  J 
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coiv.  but  in  that  particrilar  ca^e  this  was  coiisid- 

xl  U>  be  decidedly  overbalanced  by  more  certainly  m* 

stability,  more  probable  fivedora    from   rfipe  and 

ks  ill  a  vital  jiart  of  the  work,  and  by  the  additioiml 

lety  with  wtuch  the  waste  and  draught  pipes  could  k* 

lmI  ihnnigh  the  core. 
The  value  of  puddle  in  competent  hands  has,  however, 
been  demotustrat^'d  in  many  noble  embankments  It  k 
usually  plact>d  in  the  centre  of  the  embankment,  as  in 
Fig,  61,  and  occasionally  near  the  slope  paving,  ns  in 
Pig,  *W,  frtmi  H  dt  sisni  by  M^sc^s  Lane,  V,  E. 

:UW,  Uiihble  PriiiiiiiK  Wall.— The  driil  formaticm 
pn*si*ut8  a  great  variety  of  materials ;  but  not  always  such 
as  art*  desinxl  for  a  storage  embankment^  in  tlie  immediate 
ieinity  of  its  gtite.  The  selection  of  proper  materials  oftt^a 
tjemands  the  bt^t^t  judgment  and  continued  attention  of  the 
engiutH»r.  Clay,  which  is  often  considered  indispensable  in 
^n  einUuikment^  ma}'  not  be  foimd  within  many  miles. 

Vig.  60  (p,  84)  give«  a  section  of  an  embankment  eou- 
structed  where  the  best  materials  were  a  sandy  gravel  and 
a  nKHlerate  aniount  of  loam,  but  abundance  of  gneiss  rctfk 
and  lK»ulders  weiv  obtainable  close  at  hand. 

Here  a  priming  itall  of  thin  split  stone  was  carried  up 
in  the  heart  of  the  embankment  from  the  bed-rock,  wliicW 
was  peached  by  tnniching.    Each  stone  was  finst  dasliPtl 
clean  with  water,  and  then  car«*fully  floated  to  place  in  gooc^ 
cement  mortar,  and  jiains  taken  to  till  the  end  and  sidc^ 
joint»,  and  exceeding  care  was  taken  not  to  move  or  in  an 
way  disturb  a  stone  about  wliich  the  mortar  had  begun  to 
set.    No  stones  were  allowed  to  be  broken,   spalted,  or 
liammered  upon  the  wall,  neither  were  swing  chains  draiMi 
out  through  the  bed  mortar.     The  construction  of  a  water* 
tight  wall  of  rubble-stone  is  a  work  of  skill  that  can  be 
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performed,  bnt  tUe  ordinary  layer  of  foundation  masonry 
in  cement  moitar  seems  no  more  to  comprehend  it  than 
woqM  a  fiddler  at  a  country  dance  the  enchanting  t^trains 
of  a  Vieuxtemps  or  Paganini. 

Gronting  such  rubble-stone  waDs,  according  to  the  usual 
method,  will  not  accomplish  the  desired  result,  and  is 
destructive  of  the  most  valuable  properties  of  the  cement. 

303.  A  Lii^lit  Einbiiiikiiieiit*— In  this  i^mbankment 
(Fig*  60) J  selected  loam  and  gravel  were  mixed  in  due  pro- 
portions on  the  upper  side  of  the  priming  wall,  so  as  to 
insure,  as  nearly  as  possible,  iraperviousuess  in  the  earth- 
work. The  entire  embankment  was  built  up  in  layers* 
spread  to  not  exceeding  four  or  five  inches  thickness,  and 
moistened  and  mlled  with  a  heavy  grooved  roller. 

The  cross-section  of  this  work  is  much  lighter  than  that 
advised  by  seveml  standard  authorities,  both  slopes  being 
li  to  1,  but  givat  bulk  was  modified  by  the  aiiplication  of 
excellent  and  faithful  workmansldp.  This  embankment 
retains  a  storage  lake  of  sixty -six  aci^es  and  thirty  feet 
maximum  dejitli.  It  was  completed  in  1868,  and  has 
proved  a  perfect  success  in  all  respects.  This  work  fills  tlie 
offices  of  both  an  impounding  and  distributing  reservoir,  in 
a  gravitation  water  sn]»i>] y  to  a  ISew  England  city. 

364.  lliHtrilnitioii  IleKervoirH, — Distributing  reser- 
Toirs  are  frequently  located  over  porous  sub-soils  and 
require  puddling  over  their  entire  bottoms  and  beneath 
considerable  portions  of  their  embankments,  and  |niddle 
walls  are  usually  carrit^d  up  in  the  centres  of  their  embauk- 
TDents  or  near  their  inner  slopes. 

The  same  general  princifiles  are  applicable  to  distrib- 
uting as  to  stomge  n^servoir  embankments, 

:i6o.  Aiiplieatiaii  of  Fine  HaiitK— Fig  58  (p.  333>  illus- 
trates  a  case  where  the  bottom  was  puddled  with  clay,  but  a 
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snfficiencj  of  clay  to  jiuddle  tiie  embuiikmciiis  was  m 
tainable.    The  embaukmeut  is  liere  constructed  of  gravel, 
coarse  sand,  very  tine  sand,  and  a  rnoderata  amount  of 
loam,    Tbe  materials  were  selected  and  mixed  so  as  to 
secure  iraperviousness  to  the  greatest  possible  extent,  and 
were  put  together  in  the  most  compact  manner  possible,  and 
have  provt^  successful.    Tliis  has  demonstratt*d  to  tlie  sat- 
isractitin  of  the  writer  that  very  fine  sand  may  replace  to  a  j 
c«>nsiderable  extent  tlie  clay  that  is  usually  demanded,  and  1 
his  experience  includes  several  examples,  among  which,  onj 
a  single  work,  is  more  than  tliree-fourths  of  a  mile  of  suc- 
cessful embankment  entirely  destitute  of  clay,  but  sand 
was  used  with  the  gravel,  of  all  grades^  from  microscopic 
grains  to  coarse  mortar  sand,  and  a  sufficiency  of  loam  was 
used  to  give  the  required  adhesion.    The  outside  slopes 
were  heavily  soiled  and  gmssed  as  soon  as  possible. 

Fio.  61. 
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360.  MaHonr>-fiiee€l   Eiiiliaiiknieut.— Wlien    there^ 
is  a  necessity  for  ecoiioiiiiziiig  space,  one  or  both  sides  of  an 
embankment  may  be  faced  with  masonry. 

An  example  of  such  construction  is  selected  from  the 
practice  of  a  successfid  engineer  in  one  of  the  Atlantic] 


es,  and  is  shown  in  Fig.  51.  A  method  of  introducing 
clay  puddle  into  a  central  wall  in  the  embankment^  beneath 
the  embankment,  and  on  the  reservoir  bottom,  is  also  here 
ehown.  The  puddle  of  the  reseiToii'  bottom  is  usually 
covered  with  a  layer  of  sand. 

367,  CfiiieiH^te  Paving, — The  lower  section  of  the 
slope  paving  of  the  distributing  nservoir,  Fig,  bSj  was  built 
Up  of  concrete,  composed  of  broken  stone  4  parts ;  coarse 
■Iftud  1  part ;  fine  sand  1  part ;  and  hydraulic  cement  1  part. 
The  <M3ment  and  sand  were  measured  and  tuixed  diy,  then 
moistened,  and  then  tlie  stone  added  and  tlie  whole  tlior- 
oughly  worked  together.  Tlie  concrete  was  then  deposited 
aud  rammed  in  ]>lace,  bidJding  up  from  the  base  to  the  top, 
in  sections  of  about  forty  feet  lengtli,  A  very  small  quan* 
tity  of  wat^^r  sufficed  to  give  the  concrete  the  proper  con- 
sistencv,  and  if  more  was  added  tlie  concn^te  inclined  to 
quake  under  the  rammer,  which  was  an  indication  of  too 
much  wat**r. 

The  general  thickness  of  the  concrete  siieet  is  ten  inches, 
and  there  is  in  addition  four  ribs  upon  the  back  side  to  give 
it  bond  \iith  the  embankment,  and  to  give  it  stiffness,  and 
also  to  check  the  liability  of  the  shet^t  being  lifted  or  cnicked 
by  back  pressure  from  water  in  the  embankment^  when  the 
water  in  the  resei-voir  may  be  suddenly  drawn  dow^. 

The  upjK'r  jmii  of  the  slope  that  is  exposed  to  frost  is 
of  granite  blocks  laid  upon  broki^n  stone.  Tlie  Ifiyer  of 
broken  stone  at  the  wave  line  is  fifteen  inches  thick,  which 
is  none  too  great  a  thickness  to  prevent  the  waves  from 
iucking  out  earth  and  allowing  the  paving  to  settle. 

aCS.  Etiihaiikiiieiit  SliiifeM  and  PipeK.— Arched 
Hufces  have  b**en  in  many  eases  built  tljrough  the  founda- 
tion of  the  embank nient  and  the  discharge  ]U|x*s  laid  thei^ein, 
and  then  a  masomy  stop-wall  built  around  the  pij>es  neajr 
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Ifae  upper  end  of  the  dtuce.  By  this  plan  tlie  pipes  nre 
opea  fur  inspection  tram  the  out^^de  of  the  embaukinfiit  up 
to  the  stop  waLL  If  tfa€^  sluice  is  not  circular  or  elliptical, 
its  floor  should  be  counter-arched,  and  ltd  sides  made  stn3Dg, 
to  n^sist  tlie  gn^at  pressure  of  the  water  that  may  saturate 
l)«e  forth  foundatioD. 

FK3.  S^. 


\ 
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Such  a  sluice  is  sometime®  built  io  a  tunnel  tlirough 
hillside  at  one  end  of  the  embankment.  The  latter  j)ian, 
when  the  upper  end  of  the  tunnel  is  through  rock^  is  the 
safer  of  the  two^  otiierwtse  there  is  no  place  where  it  can  be 
more  safely  founded,  constructed,  and  puddled  around, 
than  when  it  is  built  upon  the  uncovered  foundation  of  the 
emlmiikmeut,  either  at  tlie  lowest  point  in,  or  upon,  one 
side  of  the  valley,  since  every  fecility  is  then  offered  for 
thorough  work,  which  cannot  so  easily  be  attained  in  an 
earth  ttmnel  obstructed  by  timber  supports* 

A  circular  or  rectangular  well  rising  above  the  water 
surface,  is  usually  built  over  the  upper  eod  of  the  sluice^ 
and  contains  the  valves  of  the  dischaiige  pipes,  and  inleti^ 
sluicee  at  different  beiglits,  admitting  water  to  the  pipes — ^ 
finom  different  points  l>elow  the  surface  of  the  reservoir. 

Wlien  the  sluice  is  used  for  a  waste-sluice,  also,  the 
stop- wall  is  omitted,  and  the  sluic^e  well  rises  only  to  the 
weir  crest  level,  or  has  openings  at  that  level  and  an  addi- 
tional opening  at  a  lower  level  controlled  by  a  Talre. 
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SonKstlmcB  heavy  cast  iron  pipt^s,  for  botli  deliver}^  and 
waste  purijoses,  an?  laid  in  tlie  earthwork  instead  of  in 
sluiceiS)  in  wliicii  case  the  puddle  should  be  rammed  around 
lliein  with  thoroughness.  In  this  latter  case  they  should  he 
tested,  in  place,  under  water  pressure  before  being  covered. 
A  suitable  hand  force-pump  may  be  used  to  give  the 
r«?quisit«  pressure  if  not  otherwise  obtainable.  Bell  and 
socket  pipes  witli  driven  lead  joints  are  used  in  such 
cases^  and  projecting  flanges  are  cast  around  the  pipes  at 
intervals. 

The  method  of  laying  and  j*rotecting  discharge  pipes,  aa 
shown  in  Fig.  60  (p,  84),  has  been  adopted  by  the  writei'  in  sev- 
eral instances  with  very  satisfactory  results.  A  foundation  of 
masonry  is  built  up  from  a  firm  earth  stmtiim  to  receive  the 
pipes,  and  then  whm  the  pipes  have  been  laid  and  tf'St4^, 
they  are  covered  witli  masonry  or  eoncn^te.  In  such  case 
the  sides  of  the  masonry  are  not  faced,  and  pointed,  or  jjlas- 
P  tered,  but  tlie  stones  are  purposely  left  jjmjecting  and 
recessed,  and  the  covering  stones  are  of  unequal  heights, 
making  irregular  surfaces.  This  method  is  more  econonii- 
cal  in  constniction,  and  attains  its  oliject  mon?  successfully 
than  the  faced  break-walls  sometimes  projected  fiom  the 
sides  of  gate-i'hambers  and  sluices. 

The  puddle  or  core  matt>rial  is  rammc*d  against  the  ma- 
Bonry  in  all  cases,  so  as  to  fill  all  interstices  solid.  This 
portion  of  the  work  demands  the  utmost  ttioroughness  and 
faithfulnf*9s;  and  with  such,  the  stmctui-e  will  be  so  fur 
reliable,  and  otherwise  may  be  uncertaiiu 

3011.  Gate  Chamber^.— Wlien  an  impounding  reser- 
voir is  deep,  requiring  a  high  embankment,  it  is  advisiible 
to  place  the  effluent  chamber  upon  one  side  of  the  valley 
toward  the  end  of  the  embaulinient^  with  the  effluent  i)i])es 
for  ordinary  use  only  as  low  as  may  be  necessarj^  to  draw 
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ttie  lake  down  to  tlie  assumed  low  water  level,  as  in  Fig.  63, 
dhowiiig  the  inside  slope  of  au  embankment. 

A  waste-pipe  for  drawing  off  the  lowest  water  is,  in  swh 
case,  extended  ftom  the  front  of  tlie  effluent  chamber,  side- 
ways down  the  dope  and  side  of  the  valley  to  the  bed  of 
ita  old  cbaauelt  and  i&  fitted  witli  all  details  necessary  for  it 
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to  perform  the  offie*?  of  a  rfphon  when  there  shall  be  occa- 
sion to  draw  the  reservoir  lower  than  the  level  of  the  gate 
cliamber  floor.  By  such  arrangement  the  pipes  may  pa^ 
through  the  embankment,  or  through  a  sluice  or  tunnel  ^^ 
the  side  of  a  hill  at  a  level  twenty  or  twenty-five  feet  aho^ 
the  bed  of  the  valley. 

When  a  valve-rhamber  is  built  up  from  the  inner  toe 
the  embankment,  so  that  the  water  surrounds  it  at  a  high 
level,  provision  must  be  made  for  the  ice-tlirust^  lest  it  crov 
back  toward  the  enibankment  the  upper  |>ortion  sufEcientlJ 
to  make  a  crack  in  the  wall ;  and  precaution  must  alw 
taken  to  prevent  the  ice  lifting  bodily  the  whole  top  of 
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cliambor  when  the  water  rises  in  winter,  as  it  usually  does 
in  large  storage  rt»8ervoirs. 

The  writ*/r  has  usually  connected  the  gate-house  with 
the  embankment  by  a  t^olid  pier,  when  there  would  other- 
wiee  be  opportunity  for  the  ice  to  yield  bt^liind  the  chanil>er 
"by  slipping  up  thi»  i>a%ang,  as  it  expanded,  and  tlius  en- 
danger the  gate-chamber  masonry. 

There  are  inlets  througti  the  front  of  theefluent  clianiber 
Bbown  in  Fig.  63,  at  different  depths,  i)ermittiug  tlie  water 
to  be  drawn  at  different  levels. 

These,  when  the  volume  of  water  to  be  delivered  is  small, 
may  be  pieces  of  flanged  cast-iron  pipe  buUt  into  the 
masoiiry*  with  stoJ>-valves  bolted  thei*eon,  but  usually  are 
rpctangidar  openings  with  cast-ii*on  sluice  -  valves  and 
frames  (Fig.  64)  secured  at  their  inside  ends.  The  seat  and 
bearing  of  the  valves  are  faced  with  a  bronze  composition, 
which  is  planed  and  scraped  so  as  to  make  water-tight 
joints,  Tlie  screw-stem  of  the  valve  is  also  of  composition, 
or  aluminum  or  manganese  bronze. 

If  such  a  valve  exceeds  2-3'  x  2-9"  in  area,  or  is 
under  a  pressuiT-  of  more  than  twenty  feet  head,  some  form 
of  geared  motion  is  usually  necessary  to  enable  a  single 
man  to  start  it  with  ease* 

It  is  usually  advisable  to  increase  the  number  of  valves 
T»ther  than  to  make  any  tmv  mi  large  as  to  be  unwieldy  in 
the  hands  of  a  single  attendant,  even  at  the  expense  of  some 
IHctional  head. 

The  stem  of  the  small  valves  usually  passes  up  through 
a  pc5de8tal  resting  on  the  floor  of  tlie  chamber,  arid  through 
a  nut  in  tlie  centre  of  a  hand- wheel  that  revolves  u|x>n  the 
jjedestal. 

The  cmtside  edge  of  each  valve-frame  should  be  so  formed 
that  a  temporary  wood  stop-gate  might  be  easily  fitti*d 
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against  it  by  a  diver,  iu  caso  accidt^nt  ix^quijvd  tJi*.*  ni'moySl 
of  the  valve  lor  repairs.  The  chain ber  might  then  be  readily 
emptied  and  the  valve  removed,  without  drawing  down  the  ^ 
lake. 

Upon  the  back  of  the  valve  (Fig.  64)  are  lugs  faced  with! 
bronze,  and  npon  th<^  fi-inie  c^ont^sponding  lugs,  both  beingl 
arimiged  as  iEtiiiied  jilanes,  and  their  office  is  to  confine  the j 
valve  snug  to  ita  seat  when  rlosed. 

If  the  valve  is  secnn^d  to  the  side  of  the  opening  oppo8ite| 
to  tluit  which  the  cin  rent  approaches,  or  to  the  pressure,  it 
bolts    must    enter   deej)   into  or  paed^ 
through  tlie  masonry. 

A  slight  flare  is  usually  given  to  the^ 
sluicfsjambs,  from  the  sluic^frame  out- 
ward. 

:i*0*  Hliiice-Valve  Areas.— Wlien 
the  head  is  to  be  rigidly  economized, 
the  submerged  sluice-valve  area  must 
be  sufficient  to  pass  the  required  vol- 
ume of  water  at  a  velocity  not  exceeding 
aljoiit  five  lineal  feet  per  second;  when 
the  loss  of  head  due  to  passage  of  the 
valve  \vill  not  exceed  about  one-half 
foot. 

If  Q  is  tlie  maximum  volume,  in  cu,J 
ft.  per  second  ;  S^  the  area  of  the  sluic 
in  squai-e  feet ;  tJ,  the  assxuned  nmxi^ 
mum  velocity ;  then 

in  which  ^  is  a  coefficient  of  contraction  J 
that  may  be  taken,  for  a  mean^  as  equa 
to  .70  for  ordinary  chamber  sluices. 
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Prom  this  eqnatiou  of  Q,  we  derive  that  of  area, 

Q 


s  = 


CO 


(2) 


Bt  Q  :=  70  cubic  feet  per  second ;    ^  =  5  lineal  feet 

Q 
per  second ;  then  we  have  ~  =  20  square  feet  area,  and  we 

may  make  the  valve  opening,  say  4'  x  6'. 

If  there  are  a  number  of  valves,  whose  respective  areas 
are  *t,  *„  ^s  •  *  • .  s„^  then 


Q 

CD 


+  «.: 


(3) 


or  advisedly  we  sliould  give  a  slight  excess  to  the  sum  of 

Q 


areas  and  make  5^  -h  ^i  +  s^ 
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371.  Stop-Valve  Iiiflic*atf>i%— When  a  stop-valve  is' 
used,  instead  of  a  j^luice-valve  whose  sci^w  rises  through 
the  hand-wlieel,  it  is  usually  desir- 
able to  have  some  kind  of  an  indi- 
cator to  show  how  nearly  the  stop- 
valve  is  to  full  open. 

Pig.  65  illustrates  such  an  indi- 
cator attached  to  the  hand -wheel 
standard,  as  manufactnre<i  by  the 
Ludlow  Valve  Co.,  at  Troy,  N.  Y, 
A  WDiTO-screw  upon  the  valve-stem 
revolves  the  indicator-wht-el  at  the 
mde  of  the  standanl,  and  indicates 
the  various  lifts  of  the  valve  between 
ghut  and  full  oi)pn. 

UTi.  Power  Iloqiiired  to  Oii€*ii 
a  Valve. — Tlie  theoretical  eoraputa- 
tion  of  the  power  i-equired  to  start  a 
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losed  valve,  when  it  is  prei^sed  tu  its  seat  by  a  head  of  water 
upon  one  side  and  Bubjec^t  only  Uj  atmospheric  pressui-e  on 
the  other  side,  is  attended  with  some  uncertainties  ;  neverthe- 
less this  computation,  subject  to  such  coeflBcients  as  experi- 
ence  suggests,  is  a  valuable  aid  when  proportioning  the  parts 
of  new  designs. 

Take  the  case  of  the  metal  sluice-valve,  Fig,  64,  raised 
by  a  screw,  with  its  nut  placed  between  collars  in  the  top 
of  a  pedestal,  and  revolved  by  a  hand-wheel,  and  let  tlie 
centre  of  water  pressure  upon  the  valve  be  at  a  depth  of 
30  leet.  Let  the  size  of  valve-opening  be  2'^'  x  2-9'',  the 
pitch  of  the  screw  .75  tncb,  and  the  diameter  of  the  hand- 
wheel  30  inches. 

The  weight  has  to  slide  along  the  8piml  inclined  plane 
of  the  sci*ew,  but  its  actual  advance  is  in  a  vertical  line,  the 
pitch  distance,  for  each  revolution  of  the  scn»w. 

Tlie  power  is  api)lied  to  the  hand-wheel,  which  is  equiva- 
lent to  a  lever  of  length  equal  to  its  radius,  moving  through 

a  horizontal  distance  eqnal 
to  the  circumference  of  its 
circle  (—  radius  x  0,283) 
and  a  vertical  distance 
equal  to  the  pitch  of  the 
screw. 
The  distance  d^  moved  through  by  the  power  in  each 
revolution^  is  the  hj^m^thenuse  tc,  Fig.  66,  of  an  angle 
whose  base,  ab,  equals  the  circumference  of  its  circle,  and 
whose  per|>endicular,  oe,  equals  the  pitch  of  the  sci^ew  = 
V^ircumference^  +  pitch^  —  d. 

Let  w  be  the  weiglit  in  lbs.;  p  the  pitch,  in  inches  :  d  the 
distance  moved  by  the  power  per  revolution,  in  inches,  and 
Pj  the  power,  in  foot-pounds,. 

According  to  a  theory  of  mechanics,  the 
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Vel.  of  Power 
d 


Vel,  of  Weight 
P 


Weight 

w 


Power;  or, 
P. 


The  weigJd^  in  this  case,  includes  the  actraal  weiglit  of 
the  iron  valve  and  its  stem  ;  its  friction  upon  its  seat  dne  to 
the  pressure  of  watt^r  upon  it ;  the  friction  of  the  screw  upon 
itei  nut,  and  the  friction  of  the  nut  upon  ita  collar.  These 
we  compute  as  follows: 

Weight  of  vmlve,  Msnmed 
Friction  of  valve  (to40f»  lbs  pn?s.  :*  coef,  20) 
Friction  of  screw  iiKK)  -k  30^4)  x  coef,  20 
Friction  of  imt  (BOO  +  SOW)  x  coef.  15 
Tf>ijil  f'qiuvalciit  weight,  w 


DiBtancG  of  power,  d  ~  ^drenm.*  x  pitch' [I 
Pitfh 


Pitch 

In  the  form  of  equation, 


s- 

300  lbs.     ■ 

^ 

mu  *' 

^ 

670   -        ' 

— 

501    '* 

— 

4674   *' 

= 

Um  indies. 

= 

.76       '* 

P=:7  =  46^5^Afi  =  36.4lb8. 
a  94.25 


(4) 


TJieoreticaUy,  this  power  apjilied  at  the  circumference 
of  the  hand- wheel  would  be  just  upon  the  point  of  inducing 
motion,  or  if  this  power  was  in  uniform  motion  around  tlie 
©crew,  it  would  just  maintain  motion  of  the  weight.  Tlie 
theory  liere  admits  that  the  screw  and  nut  ai-e  cut  truly  to 
their  incline,  and  that  there  is  no  binding  between  them  due 
to  mechanical  imperfection. 

When  two  metal  faces  remain  pressed  together  an  ap- 
preciable length  of  time,  tlie  projections  of  each  ent*^r  into 
the  oppoj^ite  reces9<?8  of  the  other,  to  a  certain  extent.  These 
projections  of  the  moving  weight  must  be  lifted  out  of  lock, 
and  the  inertia  of  tlie  weight  must  be  overcome  before  it 
can  proceed.  Metal  valves  usually  drop  against  an  inclined 
"wedge  at  their  back  that  presses  them  to  their  seat,  and 
there  ia  also  a  tibi'e  lock  with  this  wedge,  or  '*  sticky"  as  it 
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is  comraooly  called,  according  to  the  force  with  which  the 
valve  is  screwed  home. 

Hence,  the  power  n^quired  to  start  a  valve  is  often  double 
or  treble,  or  even  quadruple  that  that  would  theoretically 
be  n^quired  to  maintain  it  in  motion  the  instant  after  start- 
ing. The  equation  for  starting  the  valve  in  Buch  case  may 
become, 

i^  =  p.  (5) 

The  computed  distance  which  the  power  moves  jier  revo- 
lution (94  25  inches)  equals  7.854  feet,  and  the  computed 
power  3(L4  lbs.  If  twenty  n  volutions  of  the  hand- wheel  are 
made  per  niinute,  then  the  jj^iwin-  exert^ni  is  theoretically 
7.854  ft.  X  20  rev.  x  36.4  lb.  =  5717.7  foot-pounds  per  minute. 
This  is  a  little  more  than  one-sixth  of  a  theoretical  horse- 
])0wer. 

If,  for  the  hand-wheel,  whicli  i-evolves  the  nut»  there  is 
substituted  a  spur-gear  of  equal  pitch  diaraeU^r,  and  into 
this  meshes  a  pinion  of  one*thii-d  this  diameter,  and  the 
same  hand-wheel  is  placed  upon  the  axle  of  the  pinion,  then 
the  new  ]>ower  required  will  t)e  reduced  propni-tionally,  as 
the  ^uare  of  diameter  of  the  pinion  is  reduced  IVom  the 
square  of  diameter  oftlie  spur,  or  in  this  case,  one-ninth, 

373.  A<Uii*^table  EfHiieiit  Pipe.  —  An  adjustabh' 
effluimt  pipe,  capable  of  revolving  in  a  veitical  plane,  and 
connected  directly  to  the  main  supi^ly  i>ipe,^  is  shown  iu 
Fig.  00  (p.  84). 

This  adjustable  pipe  is  constructed  of  heavy  sheet  cop- 
per, and  is  sixteen  inches  in  diameter.     Upon  its  end  is  a 


♦  Tills  ingenious  form  of  flexible  joint  w«8  sugget^ted  to  tbe  writer  by  Hon, 
Alba  F,  Smith,  one  of  our  niort  able  Americsaii  mecham<^l  eDg^int*en^  Mr. 
Smitb  desigDi^]  ihin  joiiit  many  ye^m  ft^o,  and  used  it  at  watering*  etationa 
upon  Uic  Uudsou  Rivt^r,  uiid  otber  raU  roads  under  hk  charge. 
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perforata  bulb,  through  which  the  water  enters  the  pir»e. 
The  movable  section  of  the  pipe  is  counter-weighted  witiiiH 
the  cliaiuber,  so  tlie  bulb  eiui  be  'set  at  any  desinxl  de|>th 
in  the  water,  or  i-aised  out  of  water  to  the  phitfbrni  upon  tlie 
chamber,  for  cleaning,  expeditiously  and  easily  by  a  single 
attendant  This  arrangement  has  opemted  most  satisfac- 
U^rily  during  tlie  eiglit  y<\irs  since  its  completion,  and  de- 
livers tht!  watiT  Bupjjly  for  about  18,0(K1  inhabitants. 

Equivalent  devices  have  been  adopted  in  seveml  in- 
stances  in  Europe  and  in  India,  and  tliey  are  «*sj>eeially 
applieal>le  to  cases  wliere  the  impounding  n^sen'oins  are 
also  tlie  distributing  rt^sen^oirs,  without  the  intriTention  of 
tiltering  basins,  and  to  castas  where  the  surface  fluctuates' 
frequently,  rajiidly,  or  to  a  considerable  extent. 

When  a  sudden  or  considemble  decrease  of  the  tem- 
perature of  the  air  chills  tin*  quiet  reseiToir  watj*r  surface, 
and  thus  induces  a  vertical  motion  in,  or  sliiftiug  of  position 
of  tlie  whole  mass  of  water,  thr  bulb  may  be  made  to  fol- 
low the  most  wholesome  stratum. 

If  the  impounded  water  is  to  be  h'd  to  tilter-beds  or  to 
one  or  more  distributing  reservoirs,  then  the  dischai-ge- 
pifies  lead  directly  froTu  tht*  etfluent  chambi^r, 

374.  Fish  Sereeiis.^In  tlie  chamber.  Fig*  07,  is  shown 
a  set  of  fish'Screfms,  armuged  in  ]>ani'ls  so  as  to  slide  out 
readily  for  cleaning.  Tlie  liner  ones  of  tiie  double  set  are 
of  No.  15  copper  wires  six  meshes  to  the  incli^  and  the 
coarser  ones  of  No.  12  t^tijiper  wire,  woven  as  closely  as 
possible. 

Figs.  67  and  68  show  a  ]>Ian  of  and  a  vertical  section 
through  an  influent  chamber  of  a  distributing  I'eservoir. 

The  pipes  d  d  deliver  water  from  tlie  impounding  reser- 
voir, or  may  be  force  mains,  lerfding  from  pumping  fmgines 
to  the  chamber  A.    The  main  chamber  is  divided  in  two 
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parts,  for  convemence  in  management  when  there  are  sev- 
eral delivery  pipes*  There  are  sluices  k  A%  controlled  hy 
valves,  through  which  the  water  may  be  adniitted  to  the 
rest^iToir  V,  Tliere  is  also  a  weir,  /,  over  which  water  may 
be  passed,  instead  of  through  the  Blnices. 

Flo.  68, 


SKCnoX     THHOVGN      tKrUJENT    CHAMBSk. 


Grooves  are  prepared  in  each  section  of  the  main  cham* 
ber  for  a  double  set  of  sci'eens,  ss. 
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B  b  a  wafciU^  cliamber,  and  e  a  waste  pipe,  and  w  a  waste 
ovei-flow  weii\ 

A  frust  curtain,  7w,  is  placed  in  fi-ont  of  the  inflow  weir, 
to  prevent  the  water  surface  in  the  chamber  from  freezing, 
if  the  pomps  are  not  in  operation  during  winter  niglits. 

There  are  drain  pipes,  py  leading  from  the  sections  of 
the  main  chamber  to  the  waste?  well. 

In  the  dividing  pailition  is  a  sluice,  with  Talve  so  that 
the  whole  cliamber  may  be  connected  as  occasion  requires. 
A  distributing  reser\'oir  effluent  chamber  might  be  simi- 
lar to  the  above,  omitting  the  waste  chamber,  weirs,  and 
frost  curtain  ;  the  direction  of  the  cuiTent  would  in  this  case 
be  reversed,  of  course. 

In  the  effluent  chamber  of  the  reservoir  shown  in  Pig,  68, 
a  check-valve  is  placed  in  the  effluent  pipe,  so  that  when 
the  pumps  are  forcing  wati^r  into  the  distribution  pipes 
around  the  n:*s(?iTou',  with  direct  pressure,  the  water  will 
not  return  into  the  resei-voir  by  the  supply  main. 

375.  Gate-C*hainber  FcmufhttioiiH. — Gate-chambers 
built  into  tlie  inner  shj}>e  of  an  eartliwork  embankment  will 
introtiuce  an  element  of  weakness  at  tliat  point,  unless 
intelligent  care  is  exercisinl  to  jnevent  it. 

Any  after  settlement  along  the  sides  of  the  foundation 

walls  of  the  chamber  separates  the  earth  from  the 
masoni-y,  leaving  a  void  or  loos*^  materials  along  the  side 
of  tlie  masonry,  wiiich  pennits  the  water  of  the  reservoir  to 
I)ercolate  along  the  side  to  the  back  of  the  chamber,  under 
the  full  head  piT-ssui-e. 

The  stratum  of  earth  on  which  tlie  fotindation  rests 
fihoidd  be  not  only  imper\ious,  but  so  firm,  or  made  so 
firm,  that  no  settlenu^nt  of  the  foundation  can  take  place. 
If  the  chamber  is  high  and  heavy,  the  footing  coui'ses 
ehould  be  extended  on  each  side  so  as  to  distribute  the 
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weight  on  an  area  of  earth  laiger  thau  the  section  of 
uhauilx»r. 

The  foundation  of  the  chamber  is  to  be  water-tight,  auc 
capable  of  resisting  successfully  the  upward  pressure  upai: 
its  bottom  due  to  the  head  of  water  in  the  reseiroir,  whei 
the  clmmbrT  ii^  empty, 

:i7(>*  Ftniiiclaiioii  CUnierete,  — Tlie  use  of  beton^    or 
liydmulic  t'oiiL'r(*te,  is  often  advisable  fur  the  bed -course  of  ^ 
a  valve-chamber  foundation,    to  aid  in  distributing    the 
weight  of  the  structure  and  in  s^^niring  a  water-tight  Hoorn 
The  compositi<jn  of  the  eojic]H?te  is  to  be  pro|>ortiont^l  for" 
these  especial  obji^ct^s.     Concrete  for  a  ix^vetment^  demands 
weight  as  a  sijecial  element;  for  a  lintel^  tensile  strength; 
for  an  arch,  compressile  strf*ngth ;  but  for  the  submei^-c 
foundation  of  a  gatt?-chamber,  ImpervimiSTieM^  whicli  wili| 
ensun?  sufficient  strength. 

The  volume  of  cement  shoidd  equal  one  and  one-thirdi 
times  the  volume  of  voids  in  the  sand.    The  volume  of  mor-1 
tar  shoidd  equal  one  and  one-third  times  the  volume  of 
voids  in  the  coarse  gravel  or  broken  stone.     The  cement 
and  sand  sliould  be  first  thoroughly  mixed,  tlien  tempered] 
with  the  pro]>er  quantity  of  water  equally  worked  in,  audi 
then  th**  mortar  sliould  be  thoroughly  mixed  with    thi*1 
coarse  gravel  or  l>njken  st^me,  which  should  be  clean,  and 
evenly  moistened  or  sprinkled  bf?fore  the  mortar  is  intro- 1 
duced.     None  of  the  inferior  cement  so  often  appearing  in 
the  market  should  be  admitted  in  this  class  of  work.     Good 
hj^draulic  lime  may  in   some  cases  be  substituted  for  a 
small  portion  of  the  cement,  say  one-third. 

The  concrete  shoidd  be  rammed  in  place,  but  never  byl 
a  process  that  will  disturb  or  move  concrete  previouslvj 
rammed  and  partially  set.  A  veiy  moderate  amount  of  J 
water  in  the  conci-ete  suffices  when  it  is  to  be  mmmed. 
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377.  Chamber  Walls*.  — Fine -cut  beds  and  builds, 
ioiered  end  joints,  and  coursed  work,  in  cliauiber  ma- 
make  i/xp*U8ive  structures,  but  even  such  work  is, 
liardly  made  watt* r-tight  by  a  poor  or  careless  niechanicj 
La  great  deal  of  skill  and  care  must  be  brought  into  requi- 
■  sitlon  to  make  a  rubble  wall  water-tight 
F         Iniperviousness  is  here,  again,  a  special  object  sought* 
Tliat  a  wall  may  be  irapervious^  its  mortar  must  be  imper- 
^^-ioue;  its  voids  must  be  compactly  tilled,  every  one;  its 
^nes  must  be  cleaued  of  dust,  moistened,  laid  with  close 
"joints,  and  well  bedded  and  bonded;  and  no  stone  must 
be  shaken  or  disturbed  in  the  least  after  the  mortar  hasj 
bi*gun  to  set  arouiid  it. 

Stone  must  not  be  broken  or  hammered  upon  the  laid 
[  wall,  or  other  stones  will  be  loosened.     Stones  should  be  so 
lewised  or  sivnng  that  the  bed  or  jtjint  mortar  shall  not  be 
disturl>ed  wlieii  tlie  stone  is  floated  into  place. 

The  plan  occasionally  adojited  of  gri^nitiug  several  courses 
at  the  same  time  with  thin  liquid  gront,  might  answer  in  a 
eeUar  wall  when  the  object  was  to  prevent  mts  from  peram- 
bulating through  ita  centre,  Init  it  is  uiiivliable  in  a  eham- 
^r  or  tank-wall  inteiMh'd  to  Desist  percolation  under  pres- 
Skillful   workmanships    in    hydraulic    masonry,   is 
cheaper  than  expensive  stock. 
24 
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378.  Canal  Banks.— The  stored  waters  of  an  impound- 
ing reservoir  are  sometimes  conveyed  in  an  ojjen  canal 
toward  the  distributing  reservoir,  or  the  city  where  they  ; 
to  be  consumed,  or  for  the  purposes  of  irrigation.  Tliel 
theory  of  flow  iu  such  cases  lias  been  already  discusg 
(Chap.  XV). 

The  snbsoOs  over  wliich  the  canal  leads  require  careful 
examination,  and  if  they  are  at  any  i>oint  so  open  and 
porous  as  to  conduct  away  water  fi-om  the  bed  of  the  canal, 
tlie  bed  and  sides  must  be  h'ned  \\ith  a  layer  of  puddlf 
prott*cted  fh  jm  frost,  as  in  Fig.  69,  showing  a  section  of  i 
p\iddled  channel  in  a  side-hill  cut. 

Fig.  09. 
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The  retaining  channf  1  bank  on  the  down-hill  side  is  con 
structed  upon  the  same  priuciples  as  a  reservoir  embank- 
ment (§  351),  the  chief  objects  being  to  secure  solidity, 
imperviousness,  and  i}ermanence. 


INCLINATIONS    AND    VELOCITIES, 


371 


loDgitiidinal  drain  along  the  npptT  slope  of  yide-hill 
ions  will  i)revent  tbe  washing  of  soil  into  the  caiiaK 
The  water  slopes  wiU  require  revetments  or  paving  from 
three  feet  below  low-water  to  two  feet  above  liigh-water 
line,  and  paving  or  nibbling  down  the  entire  slope  at  their 
concave  curves. 

Substantial  revetments  or  pavings  of  sound  stone  Me  the 
most  economical  in  the  end. 

Revetments,  built  up  of  bundles  of  fascines  laid  witli 
ends  to  the  water  and  each  layer  in  height  falling  back 
with  the  slop*  line,  have  been  used  to  some  extent  ori  tlu' 
Imnks  of  canals  of  transport,  and  on  dykes,* 

If  the  slopes  are  rip- rapped,  or  pitched  with  loose  stone, 
the  slopes  must  be  sufficiently  flat,  so  the  w^ves  and  the 
frost  will  not  work  the  stones  down  into  the  water,  and  de- 
mand  constant  n^pairs. 

The  n^taining  canal  banks  of  the  head  races  of  water- 
powers  have  sometimes 
a  longitudinal  row  of 
jointed-edged  sheet-piles 
through  their  centre.  ^Oie 
selecttxl  mLxed  earth  is 
compactly  settled  on  both 
sides  of  tills  piling,  as 
shown  in  Fig,  70.  Such 
piling  tends  to  insnn*  im- 
perviousness,  prevent  vermin  from  burrowing  through  the 
l»ank,  and  lasts  a  long  time  in  compact  earth. 

379.  Ineliiiatioiis    iiiid  Velfirities   lit   Pnictice*— 
The  unrevetted  trapezoidal  canals  in  earthwork,  for  water- 


FlQ.  70. 


wisrr^piucn  ciiahnbl  nanic. 


♦  Vidf  illuntration  of  Fim  Dyke  in  gteveoson'i  Canal  and  Rivft  Et)ginrt*r^ 
tag,  [I,  18»  Edinbur^b,  1872  i  and  Mindfisippi  River  Dyke  at  Sawyer's  Bend. 
B^rt  CTiJef  of  U.  8.  En^neera,  June  80,  1873. 


OPEN    CANALS, 


supplies,  irrigation,  and  for  hydraulic  power,  except  ii^J 
water -powers  of  great  magnitude,  have  sectional  areaaJH 
respectively,  between  500  and  60  square  feet  limits,  and 
hydraulic  mean  radii  between  7  and  2.5. 

In  such  canals  the  surface  velo<Mties  range  between 
6  feet  and  2  feet  per  second,  and  the  inclinations  of  surface 
between  .75  feet  (=  .0(M)104)  and  3.5  feet  (=  .000663)  j^t 
mile. 

Practice  indicates  that  the  favorite  surface  velocity  ofl 
How,  in  such  straight  canals,  is  about  2.5  feet  per  second, 
in  canals  of  about  five  feet  deptli,  being  less  in  shallower^ 
canalsj  and  increased  to  3.5  feet  per  second  in  canals  oj 
nine  feet  depth. 

Only  very  firm  earths,  if  unprotected  by  paving  or  rub- ' 
ble,  will  bear  givater  velocities  witliout  such  considerable j 
erosions  as  to  demand  frequent  repairs. 

Burnell  states*  that  the  inclinations  given  to  the  re-j 
cently  constructed  irrigation  canals  in  Piedmont  and  I*ora- j 
liardy,  varies  from  ^gV?y  (=  000625)  to  3^  (=  .000278)  J 
but  that  inclinations  fi*equently  given  to  main  conductorsJ 
in  the  mountainous  districts  of  the  Alps,  Tyrol,  Savoy,  j 
Dauphine,  and  Pyrenees,  is  5^  (=  ,002). 

380.  Ice  Cuvc^rtii^H. — ^The  maximum  winter  flow  hav-] 
ing  been  det<^rmincHi  iiixin,  the  sectional  area,  beneath  the  \ 
thickest  formatioii  of  ice  at  the  lowest  winter  stage  of  water, 
must  be  made  ample  to  deliver  this  maximum  quantity  of 
water,  and  tlie  intiuence  of  tlie  increase  of  friction  on  the  ice  ] 
jierimeter  over  that  on  the  equal  air  perimeter  must  be  duly 
considered. 

381,  Table  of  Diiiieiisious  of  Supply  Caiuils,— 1 
The  dimensions  and  incliTiations  of  a  few  well-known  canals 
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Iven  as  illustnitivL^  of  the  gt*neral  practice  in  varidLis 
partis  of  the  world,  relating  esjx^cially  to  water  supply  and 
irrigatian. 

TABLE     No.     70. 
DiMEKSIONS  OF   WaTER   SuPPLY   AND    IRRIGATION    CaNALS. 
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In  the  numerous  sliallow  irrigation  cumils  of  Spain. 
Italy,  and  northern  India,  a  mean  velocity  as  great  as  three 
feet  i)er  second  is  necessary  to  prevent  a  luxuriant  growtli 
of  weeds  on  the  bottoms  and  side  slopes,  which  reduce  the 
effective  sectional  area  of  the  canal,  and  consequently  the 
volume  of  water  delivered. 

382.  Canal  Ciate^.— Pig.  71  is  a  half  elevation  of  the 
gates  in  tht*  Manchester,  N.  H.,  water- works  canaU  allowing 
aI»o  a  profile  of  the  canal  beyond  the  wing  walls  of  the 
gate  abutments. 

Tins  eanal  leads  the  water  froin  Lake  Massabesic  to  the 
tarbines  and  pumps  at  the  pumping  station. 

The  water  surface  rises  and  falls  Mith  the  lak*\  which 
has  a  maximum  range  of  five  feet,  so  that  the  turbiuf^s  are 
constantly  under  the  full  head  of  the  lake.  The  canal  is 
sixteen  hundred  fi?et  long,   and  has  similar  gates  at  its 
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eiitmuce  and  at  the  head  of  the  turbine  penstock.  The 
entrance  gates  are  provided  wth  a  set  of  iron  racks  to  inter- 
cept floating  matters  that  might  approach  froni  the  lake, 
and  the  pnistock  gates  are  provided  with  a  set  of  fine  mesh 
©<ipper*\virt^  tish-scrt^ns. 

Then*  ai-e  fonr  gates  in  eacli  set,  each  3  feet  wide  and 
6  feet  high.     On  the  top  of  each  gate  is  secured  a  cast-iron 

Fio,  71. 
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tube  containing  a  nut  at  its  top.  Over  each  tube  is  fastened* 
to  a  lintel,  a  coniiK>sition  screw,  working  in  its  nut,  whi<i-^ 
luises  or  lowers  its  gate. 

Two  gates  in  eacli  set  have  their  screws  provided  wi  ^^ 
gears  and  pinions,  Tlie  pinions,  or  screws,  are  tunn-d  by  ^ 
ratchet  wrencli,  so  the  operator  may  turn  them  either  wajr^* 
to  raise  or  lower  the  gate,  by  walking  around  the  screw,  cr^^ 
by  a  forward  and  backward  motion  of  the  arras. 

The  floor  covering  the  gate-chamber  is  of  tar-concret 
resting  upon  brick  arcbes. 
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Hiea  lai^  sluices  aro  necessary,  u  system  of  worm 
Qg  is  usually  applied  tor  lioistiug  and  lovveriug  tU;-^ 
gates.  These  gears  may  be  ojx^rated  by  huud-ijower,  or 
may  be  diiveu  by  the  belts  or  gears  upon  a  eount^r-shaft^ 
wlucli  is  driven  by  a  turbine  or  au  engine. 

Canals  leading  from  ponds  subject  to  floods  or  sudden 
rise  above  normal  level,  are  to  bo  provided  with  waste- weirs 
near  their  head  gates,  aud  with  waste-gates,  so  Iheir  banks 
will  not  be  overtopped  or  their  waters  rise  above  the  pre- 
determined heiglit. 

Stop-gates  are  placed  at  intervals  in  long  water-supply 
and  irrigation  eauals,  with  waste-gates  immediately  above 
them  for  drawing  oflF  their  waters,  to  pennit  repau-s^  or  tor 
flusliing,  if  the  waters  deposit  sediment. 

Culverts  are  sometimes  i-equired  to  pass  the  drainage  of 
the  upper  adjoining  lands  beneath  the  eanal^  and  these  may 
be  classed  among  the  treacherous  details  that  require  ex- 
ceeding car^  in  their  construction  to  guard  against  setUe- 
menta,  and  leakage  of  the  canal  about  them. 

383,  Miners'  Canals,— The  sharp  necessities  of  the 
gold- mining  regions  of  Califoniia  and  Nevada  have  led  to 
some  of  the  most  brilliant  liydmulic  acliievements  of  the 
piwent  generation.  The  miaei-s  intercept  the  tornMits  of 
the  Sierms  where  occasion  demands,  and  contoiu'  them  in 
open  canals,  along  the  rugged  slopes,  hang  them  iu  flumes 
along  the  steep  rock  faces,  syjihon  them  across  deei>  can- 
yons, and  tunnel  them  through  great  ridges,  in  bold  defi- 
anc«  of  natural  obstacles,  though  constant  always  to  laws 
af  gravity  rnd  equilibrium* 

Tlie  foYCA^  of  water  is  au  indispensable  auxiliary  in  sur- 
face mining,  and  capital  hesitatf^s  not  at  thirty,  ftfty,  or  a 
hundred  miles  distance,  or  almost  impassable  routes,  when 
the  torrent's  power  can  be  brought  into  requisition.     A 


^ 
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limidred  ditches,  as  tbe  miuers  term  them,  now  skirt 
inuuntaius,  whei-e  but  a  few  years  ago  then?  was  no  eri- 
donee  that  the  civilization  or  energy  of  man  had  ever  been 
present. 

The  Big  Canyon  Ditch,  near  North  Bloomfield,  Net 
for  instance,   is  forty  miles  long  and  delivers  64,OO0J 
gallons  of  water  per  day.     The  sectional  area  of  the  streani 
is  about  33  square  feet,  and  the  inclination  16  feet  to  thi^ 
iiiik\     1Xj&  flumes  are  6  feet  wide  with  grade  of  one-half 
incli  in  twelve  ff^et,  or  about  18  feet  to  the  mile.    The  con 
tuur  line  of  the  caiuil  is  fi-om  2(10  to  270  feet  above  thd 
diggings,  to  which  its  waters  are  led  down  in  wrought 
iroQ  pir>es. 

With  a  terrible  power,  fascinating  to  observe,  its  j€ 
dash  into  the  high  banks  of  gravel,  rapidly  nnder-cuttii]|fl 
their  bases,  and  razing  tliem  in  huge  slides  that  How  dowaj 
the  aluice-boxes  with  the  stream. 

Thus,  in  a  single  mine,  80,000  cubic  yards  of  gravel  mdt 
away  in  a  single  day,  under  the  mighty  hydraulic  influence  m 
that  lias  been  gathered  in  the  torrent  and  canaled  along  the  ™ 
eternal  liiOs. 

The  Eureka  Ditch,  in  El  Dorado  County,  is  forty  miles 
long*  and  tliere  are  many  others  of  great  length,  whoa^H 
magnitude  and  meclianical  effect  entitle  them  to  considefB^ 
tion,   as  valuable  hydraulic  works,   and  monuments  d^ 
hardy  enterprise. 

The  Eureka  embankment  is  seventy  feet  in  height,  flo^*^ 
two  hundred  and  ninety-six  acres,  and  is  located  six  thot^^ 
sand  five  hundred  and  sixty  feet  above  the  level  of  the  sea^ 
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384.  The  Office  and  Influence  of  a  Waste- Weir. 

— An  ample  waste-weir  is  the  safety-valve  of  a  reservoir 
embankment. 

The  outside  slope  of  an  earth  embaakment  is  its  weakest 
part,  and  if  a  flood  overtops  the  embankment  and  readies 
the  outer  slop**,  it  will  be  cut  away  like  a  bank  of  snow 
before  a  jet  of  steam* 

The  overfall  should  be  maintained  always  open  and 
ready  for  use,  independent  of  all  waste  .sluices  that  are 
closed  by  valves  to  be  opened  mechanically,  for  a  fiuious 
etorm  may  rage  at  midniglit,  or  a  waterspout  burst  in  the 
valley  when  the  gate-keeper  is  asleep. 

Data  relating  to  the  maximum  tiood  flow  is  to  be  dili- 
gently sought  for  in  the  valley,  and  the  freshet  marks 
along  the  watercourse  to  be  stiidiid.  Tlie  overtall  is  to  be 
proijortioned,  in  both  dimrnsions  and  strength,  lor  the 
extinordinary  freshets,  which  double  the  volume  of  ordi- 
nary floods,  and  if  there  are  existing  or  there  is  a  proba- 
tflity  of  other  reservoirs  being  built  in  the  valley  above,  it 
TOay  lye  wise  to  anticipate  the  event  of  tlieir  bursting,  espe- 
cially if  an  existing  reservoir  dam  is  of  donl>tfuI  stability. 

A  short  overfall  may  increase  or  affect  the  damage  by 
locil  flowage  to  an  important  extent,  and  makes  necessary 
ki«>  building  of  the  emlraiikment  to  a  considerable  height 
^>>ove  its  crest  level ;  while,  on  the  other  liand,  a  long  over- 
if  exi)Osed  to  the  duect  action  of  the  wind,  may  ixjrmit 
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too  great  a  volume  of  water  to  be  rolled  over  its  crest  uH 
waves  just  at  the  comraenceineiit  of  a  drouglit^  when  it  is] 
iruiK>rtaiit  to  save,  to  the  uttermost  galluu.     Such  wave 
action,  under  strong  winds,  might  draw  down  a  small  reeer- 1 
voir  several  inches,  or  even  a  foot  below  its  crest^  unless 
such    coutingeucy   is  anticipated    and   guarded    against 
Strong  winds  blowing  down  a  lake  often  heap  np  it-s  waters  I 
nmt(*rially  at  the  outlet,  and  iuci'ease  the  volume  of  waste] 
flowing  over  its  weir  or  outfall. 

An  hijudicious  use*  of  flash-hoards  upon  waste- weirs  has 
in  many  instances  led  to  disastrous  results.    In  all  c^ses,  a  J 
maxinuun  flood  height  of  water  should  be  determined  upon, 
ami  then  the  weir  diniensiouB  be  so  proportioned  that  no 
contingency  possible  to  provide  for  shall  raise  the  water 
above  the  predetermined  lieiglit.    The  length  of  the  overfall 
and  volume  of  maximum  flood-flow  govern  the  distance 
thi*  highest  crest-level  must  be  placed  below  the  maximum ^^ 
flood  leveL    Flash-boaids  may  in  certain  cases,  and  in  c^r^^^^ 
tain  seasons,  be  serviceable  in  governing  the  level  of  w^ater 
below  orj'uM  at  ike  crest  line^  especially  when  there  are  low 
lands,  or  lands  awash,  as  they  are  termed,  bordering  upon 
the  reseiToir,  with  their  suifaces  not  exceeding  tliree  feetj 
above  the  crest  line.  ^M 

Several  English  writers  mention  that  a  general  rule  for 
length  of  waste-weir,  xiccepted   in  English  practice^  is  to^H 
make  the  waste- w^eir  tlu'ee  feet  long  for  every  100  acres  of  ^^ 
watershed*     This  rule  A\ill  apply  for  watersheds  not  exceed- 
ing three  square  miles  area,  but  for  lai^r  areas  gives 
inconvenient  length. 

385.    DiHcliar^CH  over  Waste- WeirH- — Having   de 
t^^rmined,  or  assumed  from  the  best  data  available,  the 
maximum  flood-flow*  which  the  overfall  may  have  to  dis- 
chai'ge,  if  a  very  heavy  storm  takes  place  when  the  reser^'oir 
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full,  the  overfall  is  then  to  bt?  propoilioned  upon  the 
iKisis  of  tliis  flow. 

For  the  calculation  of  disclmrge,  the  overfall  may  be 
coniiidered  to  be  a  species  of  measuiiiig-weii'  (§  303),  and 
aubject  to  certain  wen-  funnuhis. 

If  tliei-e  are  flash-boaitlbj  with  square  edges,  forming  the 
crest,  tlien,  for  depths  of  from  nine  inehes  to  three  fwt,  Jlr. 
Francis'  formula  may  be  applied  with  approximate  results, 
and  we  have  the  discharge : 

Q  =  3.33  {I  -  QAnll)  n\  (1) 

in  which  Q  is  the  volume  of  dischai^ge,  in  cubic  feet  per 
second  ;  II,  the  depth  of  water  upon  tlie  crest,  measured  to 
the  lake  surface  level ;  /,  the  clear  length  of  overfall ;  and 
71  the  number  of  end  contractions,     (Vide  §  313,  p.  289.) 

We  have  seen  (§  309)  that  the  velocities  of  the  parti- 
cles flowing  over  the  crest  are  proportionate  to  tlie  ordinates 
of  a  parabola,  and  that  tlie  mean  velocity  is  equal  to  two- 
thirds  the  velocity  of  the  lowest  particles ;  heut^.  we  have 
the  mean  velocity,  Vj  of  flow  over  the  crest, 

^  =  gV2^=  6.35V^^  (2) 

Multiplying  the  df^pth  of  water  //  upon  the  weir,  into 
the  length  I  of  the  weir,  and  into  the  mean  velcc^ty  ?j,  we 
have  the  volume  of  discharge,  w^hen  there  are  no  interme* 
dtate  flash-board  posts : 

Q  =  mlH  X  I  \^2gH=  bMmlH^,  (3) 

in  wliich  m  is  a  coefficient  of  contraction  (§  312),  with 
mean  value  about  .622  for  shai-jHedged  tliin  crests. 

By  transposition,  we  have  : 

H=\-^\'^  (4) 


\lmW2fjS 


If  tbe  overfall  has  a  wide  crest  similar  to  tliat  usTially 
,  /P^eii  to  masoQiy  dams.  Fig.  47,  then  we  may  apply  more 
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accurately  the  formula  suggested  by  Mr.  Francis  for  sacb 

cases,  viz. : 

Q  =  3.012ZJ3^  «  (5) 

If  we  desire  to  know  the  depth  of  dischaige  for  a  giTen 
volume  and  weir  length,  then,  by  a  transposition  of  this 
last  formula,  we  have : 


(3.012Z) 


(6) 


A  few  approximate  values  of  Q,  for  given  values  of  H^ 
are  given  in  the  following  table,  to  facilitate  preliminary 
calculations.    Vide  tables  on  pp.  290  and  298a. 

TABLE     No.    BO. 
Waste-Weir  Volumes  per  Lineal  Foot  for  Givfn  Depths. 


//. 

e  =  3.012/^  I". 

0=5.35^//^i. 

fn/eet. 

iHCM./t.pertec. 

In  cu,  ft,  per  sec* 

•SO 

1.043 

1. 177 

•75 

1-939 

2.167 

I.OO 

3.012 

3-339 

^•25 

4.238 

4.670 

1.50 

5.602 

6.134 

1.75 

7-093 

7-625 

0  on 

8.699 

9-430 

225 

10.415 

11.244 

^•5» 

12.238 

13.167 

2.75 

14.159 

i5-»93 

3.00 

16.I71 

17-309 

3.50 

21.72 

4.00 

2^.53 

4-50 

31.66 

5.00 

3709 

5-50 

46.91 

6.00 

48.75 

6.50 

54-97 

7.00 

61.43 

7.50 

68.13 

8.00 

75.06 

*  In  this  column  m  increases  from  .563  for  1  foot  depth  to  .02  for  4  feet 
depth,  but  the  values  of  rn  i^y:  depths  exceeding  8  feet  have  not  been  de- 
termined by  experiment,  and  their  results  are  subject  to  some  uncertaintj. 
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386.  Required  Leiigrth  of  Waste-W  eir^*— The  fol- 
lowing  table,  prepared  to  facilitate  preliiiiinMry  calculations, 
gives  estimated  flood  volumes  of  waste  from  small  impound- 
ing reservoirs,  in  ordinary  Atlantic  slope  baains,  for  water- 
sh^s  of  given  areas ;  also  the  length  of  waste- weir  i^equired, 
amd  approximate  depth  of  water  on  the  crest  of  the  given 
length ; 

TABLE     No,    81. 
Lkngths  and  Discharges  of  Waste-Weirs  and  Dams, 


Area  of  Water- 
shed. 

Requiretl  te-ngth 

ol  overfall  hti 
given  WAtet^bed 

ApproK.  depth  of 
water  on  overfall 
of  j?ivea  length. 

Approx,  <l«chHr(fe 

per  liii    (I.  uf  (jiven 

ovcrfiiiL  lor  given 

depth. 

1 1 

Flood  rolttine  from 
whole  ftrcii^ 

Si9Mt*v  miUt, 

F*€i. 

F€*L 

CuHc/*^t, 

Cubic /tti  ^tr  sec. 

I 

25 

1.89 

8  00 

200 

2 

32 

^35 

II    13 

35^ 

J 

39 

2.56 

12. 82 

500 

4 

44 

2.76 

14-43 

635 

6 

54 

2.91 

16.48 

890 

8 

61 

3.22 

18.54 

1131 

10 

68 

3  4(^ 

20,04 

n^3 

"5 

S3 

3^70 

23.01 

1910 

20 

95 

3^90 

^S'S^ 

242B 

25 

»o5 

4^n 

27.85 

^925 

$0 

116 

4.28 

29-35     i 

3404 

40 

^33 

4  58 

32.53 

4326 

50 

149 

4.81 

34-95 

5208 

75 

i83 

5-25      1 

39.92 

7304 

100 

212 

5^59 

43-78 

9282 

200 

29s 

6.59 

56,08 

16542 

500 

360 

7  23 

64.42 

23190 

400 

400 

7.91 

73  70 

29480 

500 

440 

8. 40 

80  68 

35500 

600 

480 

8  77 

86,08 

41320 

800 

530 

9-63 

99.09 

52520 

looo 

580 

10.27 

109  07 

63260 

The  maximum   flood,   and  consequently  the  nx|iiired^ 
length  of  overfall,  or  d<*pth  upon  it,  varies  with  the  maxi- 
mum periodic  niinfall  ;   the  inclination  and  i>orosity  of ' 


Boils;    thr^  sum  of  pontluge  surfaces;  and  to  some  exitni 
with  teni{>t»nitures. 

lliL*  abov<^  estimated  flood  volumes  refer  to  ordinary 
American  Atlantic  slopes,  and  forty  to  fifty  inch  mean  ai>- 
nual  raiufalk,  and  to  streams  with  comparatirely  small 
pondage  areas. 

The  above  tabled  lengths  of  overfidls  or  range  of  depths] 
upon  crests  of  waste-weirs,  are  to  be  increased  for  Jtashjt 
streams,  and  may  be  reduced  for  steady  streams  with  large 
or  many  small  ponds.  H 

The  iDcreaae  of  pressure  upon  all  portions  of  tlie  em-™ 
baukment  and  foundation,  and  upon  the  waste-weir,  by  the  , 
flood  rise,  must  be  fully  anticipated  in  the  original  design] 
of  the  structure. 

38*.  Forms  i>f  Waste- Weirs.— Fig.  72  illustrates  a 
waste- wi^ir  placed  in  the  centre  of  length  of  an  earthwork 
embankment,  retaining  a  storage  lake  of  twenty-fouj  hun- 
dred acres,  and  the  drainage  of  forty  square  miles  of  water* 

slied. 

Fig.  72. 
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Tlie  down-stn?am  face  of  the  weir  is  constructed  in  a 
8<*ries  of  steps  of  decreasing  height  and  increasing  projiH*- 
tion,  fi^om  the  cn^st  downward,  so  that  the  edges  of  the  steps  j 
nearly  touch  an  inverted  parabolic  curve. 
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ie  apron  receiving  the  fall  of  waste  water  from  the 
crest  of  tiie  weir  is  of  rnbble  niasomy,  and  contains  two 
npriglit  courses  intended  to  cheek  any  scour  from  the 
**undertoe''  during  freshets,  and  also  to  lock  the  founda- 
tion courses  that  receive  tlie  lieaviest  shocks  of  the  falling 
water. 

The  prqiection  of  the  steps  was  an*anged  to  break  up 
the  force  of  the  falling  water  as  much  as  jx^ssible. 

The  fidl  from  crest  to  apron  is  twenty-Hve  feet,  and  the 
flotxl  depth  upon  the  weir  twenty  inches  ;  yet  the  force  of 
tlie  falling  water  is  so  thoroughly  destroyed  that  it  has  not 
been  sufficient  to  remove,  in  tliree  yeai^  service,  the  coarser 
stone?^  of  some  gravel  carted  upon  the  apron  during  con- 
struction of  the  upper  courses  of  the  weir. 

There  is  a  3  by  5  fet*t  waste-sluice  througli  tlie  weir  at 
one  end,  discharging  upon  tlie  apron.  In  front  of  tlie  sluice 
the  apron  consists  of  two  eigh teen-inch  courses  of  jointed 
granite  upon  a  rubble  foundation,  doweled  and  clamped 
logi'ther  in  a  thorough  manner. 

A  carriage-bridge  spans  the  weir^  and  rests  upon  the 
wing  walls  and  thret*  intermediate  piers  built  upon  the  weir, 

tiHH,  iHolated  WeirH. — Where  tlie  topography  of  the 
vaUey  admits  of  the  waste-weir  being  separated  fnim  the 
4»mbank!nent^  it  should  be  so  placed  at  a  distance,  and  it 
is  often  conveniently  mad<^  to  discharge  into  a  side  valley 
where  the  tiowage  nearly,  or  quite,  reaches  a  depression  in 
thp  dividing  ridge. 

But  it  is  not  always  admissible  to  so  divert  the  water,  as 
riiiarian  rights  may  be  affected,  or  Hotxl  damages  be  created 
on  the  side  stream. 

When  possible,  it  is  advisable  to  locate  tlie  waste-weir 
upon  a  ledge  at  one  end  of  tlie  embankment,  so  tliat  the 
fall  from  the  crest  will  not  exceed  three  or  four  feet 
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There  should  lie  a  fall  of  at  least  three  feet  fioin  the  crests 
aa  in  such  case  a  less  lengtli  of  weir  will  be  required  than  if 
it  slojies  gently  away  as  a  channel. 
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389.  Timber  Welr«. — In  those  localities  where  sound 
and  durable  building-stones  are  scarce,  and  timber  is  plent|>S 
and  clieap,  the  waste- weir  may  be  substantially  constructed 
of  timber  in   crib  form.    Fig.  73  represents  such  a  wei^ 
placed  upon  a  gravel  foundation.    The  fall  is  twenty  feet; 
and  the  face  of  tlie  weir  is  divided  into  three  benches  so 
to  neutralize^  the  force  of  the  fall  that  in  freshets,  if  vertic 
would  tend  to  excavate  a  hole  in  the  gravel  in  front  of  the" 
dam  at  least  two-thinls  as  diM^p  l>elow  the  lower  water  sn 
fece  as  the  height  of  the  fall. 

The  timl>em  aiv  faced  upon  two  sides  to  twelve  inches 
thickness  and  <*ntiiely  divest4-»d  of  bark.    The  bed-sills  am 
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mmk  in  trenches  in  the  firm  eartlij  and  two  rows  of  Jointed 
sheet-piling  are  sunk,  as  shown,  to  a  depth  that  will  prevent 
the  possibOity  of  water  working  under  tbem.  Upon  tbn 
bed-aills  longitudinal  timbers  are  laid  five  feet  apart,  then 
cross  timbers  as  shown,  and  so  alternately  to  the  top.  As 
each  tier  is  put  upon  another  it  is  thorouglily  fastened  to 
the  lower  tier  by  t^mails  or  f-inch  round  iron  bolts.  The 
bolts  sliould  pass  entin^ly  throtigh  two  timbers  depth  and 
one-half  the  depth  of  the  next  tier,  requiring  for  twelve-inch 
timbers  30incli  bolts. 

As  each  tier  is  laid  it  slionld  be  filled  witli  stone  ballast 
and  suffieient  coarse  and  fine  gravel  imddled  in  to  make  the 
work  solid,  leaving  no  interstices  by  the  side  of  or  under 
timbers.  The  gravel  should  be  rammed  under  the  timbers 
80  as  to  give  tliem  all  a  solid  bearing. 

A  tier  of  plank  is  i>laced  under  eaeh  bench  capping,  and 
a  tier  of  close-laid  timbers  is  jjlaced  under  the  crest  cajjping. 
The  bench  and  crest  cappings  are  of  timbers  jointed  upon 
their  sides  and  laid  close.  The  upper  and  lower  faces  are 
planked  tight  witli  joiiik*d  plank. 

A  weir  thus  solidlf/  and  fff/htli/  constructed  will  pmve' 
nearly  as  durable  as  tlie  best  masonry  structures.     The 
capping  and  face  plankings  will  be  the  only  parts  rfx|niring 
renewal,  and  these  only  at  inten^als  of  a  number  of  years 
if  they  are  at  first  of  pro|>er  thickness. 

Similar  fonns  of  crib-work  have  been  used  w^ih  com- 
plete success  on  rock  bottoms,  on  impetuous  mountain 
gtreoms,  where  they  were  subject  to  the  shocks  of  ice  at  the 
breaking  up  of  winter,  and  to  great  runs  of  logs  in  the 
fipring.     In  such  cases  the  bed-sills  are  bolted  to  the  rocks. 

Similar  crib  foundations  nuiy  bc^  used  to  carry  masonry 
weirs  upon  gravel  biittoms,  but  the  crib-work  should  in 
BUch  case  be  placed  so  low  as  to  be  always  submerged, 
25 
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Fig.  TS  was  designed  for  a  case  where  the  watershed 
of  about  one  hundred  square  miles  area.  Its  crest  leogtli  is 
two  hundi'ed  feet,  and  six  feet  is  the  estimated  maximum 
flood-dei>th  upon  its  crest. 

aao.  Iee-tlini8t  upon  Storagre  Reservoir  Weira,- 
Those  Weil's  that  ai-c*  locat«?d  in  Noil  hem  climates  uj 
storage  ponds,  such  as  are  drawn  down  in  summer  and  do 
not  rise  to  the  crest-level  until  past  mid-winter,  should  be 
backed  with  gravel  to  the  level  of  the  backs  of  their  caps, 
and  tlie  gravel  should  be  substantially  paved,  as  in  Pig, 
Otherwise  the  expansion  of  the  thick  ice  against  the  ver 
eal  backs  of  the  weirs  may  act  with  such  i>owerful  thrust ; 
to  dis|>lace  or  seriously  injure  its  upper  portion. 

391.  Breadth  of  Weir-Caps.— -The  cap- st<mes  of  weirs 
in  running  stn^ams  should  incline  downward  toward  th^ 
pond  side  at  least  two  inches  for  each  foot  of  breadth, 
that  thi?  floating  ice  and  logs  will  not  strike  against  their 
back  ends  when  the  water  is  flowing  rapidly* 

Tliere  is  a  lack  of  nnitbrmity,  in  practice,  in  breadths  < 
tops  of  waste-wTii's,  and  the  unsatisfactory  working  of  th^ 
quarry  from  whicli  the  caps  are  supplied  ofttm  controlsl 
this  dimension  so  far  as  to  reduce  it  to  an  unsubstantial 
measure. 

The  bn'adth  of  cap  required  depends  somewhat  on  the" 
pond  behind  the  weir.     If  the  jwnd  is  relatively  broad  and 
deep,  water  and  whatever  floating  debris  it  carries,   wi 
approach  the  weir  with  a  relatively  low  velocity.     If  tl 
pond  is  small  and  the  sti'eam  torrential,  with  liabOity  of 
grt-^at  depth  upon  the  weir,  then  the  cap-stones  must  have 
length  and  weight  to  resist  the  foiT-e  of  the  current  and  im^ 
pact  of  the  floating  bodies.     Overt  alls  upon  logging  stream 
rising  in  the  lumber  regions,  require  particularly  heavj 
caps,  and  the  force  of  the  logs  or  ice  upon  the  caps  will 
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sually  be  great^fr  when  the  depth  upon  the  weir  is  from 
Dii«  and  one-half  to  two  feetj  than  when  deei)er. 

39a.  ThiikiieHM  of  Waste-WeiiH  and  Daiiis.— If 
the  back,  or  jmnd  side  of  tlie  dam,  is  vertical,  and  the  thick- 
ness at  cap  constant  then  the  thiekiiesses  at  given  deptlis 
may  be  found,  for  plotting  a  trial  section,  by  the  following 
equation : 

Let  b  be  the  assumed  top  breadth^  and  I  the  tluckness_ 
at  any  given  depth,  d,  then 

t^b  ^  AdK  (7) 

For  illustration,  let  the  assumed  cap  breadth,  or  length 
of  cap  stones,  for  a  long  straight  dam,  be  eight  feet,  then 
for  the  following  given  depths,  the  ordinates  or  thicknesses 
are  as  follows : 


TABLE     No.    8  2. 
Thickness  for  Masonry  Weirs  and  Dams. 
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^ 

33-30 

p       45 

8 
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30. 19 

^ 

38  19 

so 

8 

+ 

SSS^ 

= 

43*3«5 

If  the  face  curve  is  resolved  into  an  ogee  or  into  steps,  as 
la  adviHuble  over  gmvel  bottoms  or  tertiary  iXM*k,  then  the 


WASTE-WEIRS. 


masonry  of  tbe  lower  carve  and  steim  must  be  verj^  hem 
and  substantial,  in  the  high  dams,  to  withstand  for  a  long 
term  of  yeai^  the  shock  of  the  falling  water. 

393 •  Force  of  the  Overflowingr  Water.— It  is  of 
the  utmost  importance  that  the  water  passing  over  the  lip 
of  a  higli  dam  shall  reach  the  bed  of  the  stream  below  the 
dam  with  tiie  least  possible  shock  to  the  foundation,  evenj 
tiiough  it  is  of  a  tolerably  haixl  rock,  and  especially  if  the] 
apron  be  of  concrete  or  crib-work. 

The  **life"  of  numerous  upright -face  dams  has  been] 
materially  shortened  by  the  tremor  due  to  the  flood  £alld1 
upon  theii'  foimdations. 

In  the  case  of  an  overfall  twenty -five  feet  high,  with  six^ 
feet  depth  of  water  above  the  crest,  for  instance,  there  is  a 
force  of  nearly  80,000  pounds  |)er  second  pounding  upon 
each  lintvil  foot  of  its  apron,  tending  to  shake  the  structure 
into  granular  disintegration,  and  making  the  earth  tremble , 
iinder  the  shock. 

304.  HeiirlitH   of  Waves.  —  Stevenson  gives,  in  his 

itise  on  Harbors,  the  following  formula  for  computingJ 
^the  height  of  waves  coming  fmm  a  given  exposure,  or 
^  '*  fetch''  of  clear  deep  water : 

H  ^  1.5  VD"  +  (2.5  -^  ^5),  (8) 

in  which  //  is  the  height  of  waves  in  feet,  and  J)  is  the  length  j 
of  exposure  or  fetch  in  miles. 

The  numerical  values  of  height  of  wave,  according  toj 
this  formula,  for  given  exposures,  are  as  follows : 

TABLE     No.    83. 
Heights  of  Reservoir  and  Lake  Waves. 


Exi>Q5urc,  in  miles  * . , . 
Height  of  feavCp  in  feet.. 


25      .50      .75 

3.543  2.756  3. &63 


1.5 


!, 


3.0313.332^3-782 


5 

4  437 


10. 
5.466 
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When  waves  meet  a  paved  slope  their  vertical  longi- 
tudinal section  is  suddenly  reduced  and  their  velocity  en- 
hanced in  inverse  proportion.  They  will  therefore  rise  up 
the  slope  to  a  vertical  height  much  greater  than  the  height 
of  the  approaching  wave,  which  height  will  depend  on  both 
the  initial  velocity  of  the  wave  and  the  suddenness  with 
which  its  sectional  area  is  reduced. 
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PABTITIOXS.  A^'D    RETAINIXG    WALLa 

395.  I>emgiu—The  hydraulic  engineer  finds  n( 
exercise  for  his  skill  on  every  hand  to  adapt  a  variety 
eonstnictioiis  in  masonry  to  their  several  ends,  in  methods 
at  once  substantial  and  economical. 

Designs  am  required  for  reservoir  i)artition8  and  gate 
chambers  that  are  to  sustain  pressures  of  water  upon  both 
sides,  and  either  side   alone;    i^vetments  for  reservoirs^H 
canals,  and  lake  and  river  fronts  that  are  to  sustain  pres-^ 
sures  of  water  and  earth  upon  opposite  sides,  and  earth 
alone  upon  one  side;  coal-shed  walls  that  are  to  sustain 
the  pressure  of  coal,  whose  liorizontal  thrust  neaily  equals 
that  of  a  liquid  of  equal  specific  gravity  ;  conduit  and  filter 
gallery  walls,  that  an^  to  sustain  ]>i'essnres  of  earth  an< 
water  and  tlirusts  of  loaded  arches ;  basc»ment  walls  an 
bridge  abutments  that  are  to  sustain  thrusts  of  eartli  an 
carry  weight ;  wing  walls  of  tiiangular  elevations  and  vary- 
ing heights,  that  are  to  sustain  varjing  thrusts ;  and  wasti 
weirs,  tliat  an^  to  sustain  jiressiu^s  of  water  higher  than 
their  summits  and  moving  with  velrwity. 

Rule  of  thumb  practice  in  such  structures  has  led  t 
many  failures,  when  the  amounts  and  directions  of  thrusts 
were  not  understood  ;  and  such  failures  have,  on  the  other 
hand,  led  to  the  piliog  up  of  superfluous  quantities  of 
masonry,  often  in  those  parti^i  of  section  where  it  did  not 
increase  the  stability  of  position^  but  did  endanger  the 
stability  of  the  foundations. 
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Good  design  only,  rmites  ei'oooray  with  stability  iji 
masoiuy  subjected  to  lateral  tlirut^ts. 

390.  Theory  of  Water  FreHKure  uiioii  a  VeHiral 
Snrfiiee. — The  theory  of  pressure  of  wafe^r  u]ion  a  plMiio 
surface,  and  of  the  stability  of  a  veitical  rwtaugular  ivtuiii- 
ing  wall,  is  quite  8imph%  and  is  easily  exemplified  b^^ 
graphic  illastration,  and  by  simple  algelimic  eipiations. 

Let  52),  Fig.  74,  be  a  vertical  plane,  reeeiving  the 
pressure  of  w  ater. 

The  ])ressure,  p,  at  any  depth  is  proportional  to  that 
depth  into  the  density  of  the  fluid. 

Let  Wi  be  the  weight  of  one  cubic  foot  of  wateri=^ 
62.6  IbSt ;  tlien  the  pressure  upon  any  square  foot  of  the 
vertical  plane,  w^hose  depth  of  centrt?  of  gravity  is  represent- 
ed by  dj  isp  ^  €lwu 

Let  the  depth  of  the  water  B^B  be  12  feet  =  ?i.  Plot  in 
horizontal  lines  from  5jl>,  at  several  given  depths,  the 
magnitudes  of  the  pressures  at  those  depths  =dWu  as  at  ss^ ; 
then  the  extremities  of  those  lines  wiU  lie  in  a  straight  line 
passing  throngli  J5,  and  cutting  tlie  lumzontal  line  CTff,  in 
/,  Df  being  equal  to  the  magnitude  of  the  prr^ssui-e  at  D. 

The  total  pi-essui-e  upon  the  plane  BnD^  and  it^s  horizon- 
tal eflfects  at  all  depths  are  graphically  represented  by  the 
area  and  oi'dinates  of  the  figure  Bj/D, 

In  theoretical  statics,  the  effect  of  a  pressure  upon 
lid  body  is  treated  as  a  force  acting  through  the  centre  of 
gravity  of  the  body. 

Consider  the  pressure  of  Bi/D  to  be  gathered  into  its 
tesidtant,  jmssing  through  its  centre  of  gravity,*  y,    Tlie 


♦•  Tn  find  tlie  centre  of  gravity  of  n  triangle  BfD,  draw  a  bmken  line  from 

I  J>,  1[>i«(»ctifi^  the  opposite  sido  in  #,,  and  from/  biftectinjET  the  opposite  side  in 

'#:  the  centre  of  gravity  will  then  lie  in  tho  Intrrsoctinn  of  those  llnep.     Or 

4mw  a  line  from  any  angle  B^,  bisecting  the  (>p]:K)sitp  sid<?,  and  the  centre  c5 
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Fig.  74 


horizontal  resultant  through  g  will  meet  BtD  in  iV,  at  two- 
thirds  the  depth  B.D. 

Let  DCB  be  a  section  of  wall  one  foot  long.     Let  B.D 

gravity  will  lie  in  this  line,  at  one-third  the  height  from  the  side  bisected. 
The  centre  of  gravity  is  at  two-thirds  the  vertical  depth  B^D  =  {A  from  B^. 


WATEH  PRESSURE   UPON  AN   INCLINED  SURFACE. 


iJ93 


^A  =  12  ft.    The  centre  of  gravitj  of  the  submerged  wall 

surface  B^D  is  at  one-half  its  height,  =  -^  •    The  total 

pressure  of  water  P  upon  the  wall-siirface  B.D  equals  the 
product  of  the  surface  area^  B2D  =  ^„  into  the  weight  of 
one  cubic  foot  of  water,  Wi.  into  one-half  the  height,  = 


(1) 


12 


=  (12  X  1)  X  62.5  X 

=  4500  pounds  =  2.25  tons. 


Draw  this  total  pressure  to  scale,  in  the  resultant  gN^ 
meeting  B.D  in  K 

The  effect  of  a  pressure,  when  applied  to  a  solid  body, 
is  the  same  at  whatever  point  in  the  line  of  its  direction  it 
is  applied ;  so  we  may  consider  (fN  aa  acting  upon  Ww  wall 
either  at  N  or  at  x^  in  the  vertical  through  the  centre  of 
gravity  of  the  wall. 

The  force  tending  to  push  the  wall  along  horizontally 
is  gN. 

39T.  Water  Pressure  upon  an  Dielined  Surihce. 
— The  maxiraum  resultant  of  pressure  of  wati^r  upon  the 
inclined  plane  JG  has  a  diivction  perpt^ndicidar  to  tlie 
plane,  and  meets  the  plane  in  P„  at  two-thirds  the  vertical 
depth  of  the  water. 

The  entire  weight  of  the  triangular  body  of  water  CiJ  is 
euppoiled  by  the  masonry  surface  Ji\  Its  vertical  i)ressure 
resultant  upon  JC  passes  through  its  centre  of  gra^ty  in  /7-, 
and  meets  JC  in  P„  at  two-thii'ds  the  veiiical  depth  iC  or 
/ft    Its  horizontal  pressure  n^snltatit  also  meets  JCiu  P^ 

Let  Xx  be  the  symbol  of  its  hori/^>ntal  resultant 
«  e       4*  **  4*     vertical  *' 


y 


maximum 
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The  horizontal  effect  of  the  pressure,  iTi,  may  be  cc 
puted  as  acting  upon  the  plane  of  its  vertical  projection  or^ 
trace,  f  C,  and  will  equal, 

=  2.25  tons,  when  A  =  12  ft 

Draw  Xi  =  2,25  tons  to  scale  in  x^Pi .    Let  fe.ll  a  perpen- 
dicular upon  JC,  meeting  it  in  Pi ;   tlien  will  the  angle] 
yPf^i  equal  the  angle  JCi  =  <?,  and  ^yPiWill  equal  ^ 

y  =  x^'  sec  ^  =  <v>i  ^y '  Bee  angle 5r,Piy        (3) ] 
=  2.714  tons ; 
and  ePi  will  equal 

e  =  Xr  tan  0  =  .  w^  ^  >  *  tan  angle  iZhPiy        (4) 

^1.518  tons. 

The  horizontal  force  tends  to  displace  the  wall  horizon-  ^ 
tally.    The  vei-tical  downward  force  tends  to  hold  the  wall 
in  phice,  by  fiiction  due  to  its  equivalent  weight. 

If  water  penetrates  under  the  base  of  the  wall,  it  will 
there  exert  an  upward  pressure  upon  tlie  base,  opposed  to 
the  downward  pressure  upon  JC,  and  to  the  weight  of  the 
wall,  with  maximum  theoretical  effect  equal  to  area  VD 
into  depth  of  its  centre  of  gravity  into  the  weight  of  one 
cubical  foot  of  water. 

Let  Tibe  the  synibol  of  the  maximum  upward  pressure, 
and  let  Ci  l^e  the  ratio  of  the  effective  upward  pressure  in 
any  case  to  the  maximuuL 

Draw^jZi  in  the  vertical  line  throngb  the  centre  of  gravity 
of  the  masonry,  in  GZi, 

When  computing  the  resultant  weight  of  the  masonry^ 


*  V%d€  irigcmometfica]  diagram  ' 
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opposed  to  the  horizontal  water  pressure,  deduct  from  the 
weight  of  wall  the  excess  of  upward,  6^,  over  downward 
pressure,  ^,  =  c,Zi—  e. 

3i»8»  Frictiuiial  Stuliility  of  MaHonry.— The  weighty 
IF,  in  ixjunds,  of  the  wall  (of  one  foot  length)  equals  its 
eectional  area  DCB  =  ^,  in  square  feet,  into  the  weight  of 
one  cubical  foot  w  of  its  material :     W  ^  Aw*  (6) 

The  downward  resnUant  qf  weight  is 

rl  Wr-  (Aw)  -f  ^  -  (c,Zi).  (6) 

The  u]>ward  pressure  of  the  water  upon  the  "base  will  mre- 
ly  exceed   50  per  cent,  of  the  theoretical  niaxinmni,  even 
though  the  w^all  is  founded  ui»on  a  coarse  porous  «^raveli  or 
upon  rip*rap,  without  a  like  upward  relief  of  backlilUng, 
■         The/ricti&nal  stability^  8,  of  the  wall>  equals  its  result- 
r   ant  weight  into  its  coefficient,  c,  of  friction, 


8=  \  Tr+  €  —  (e,^i)}  X  c.  (T) 


Foundations  of  masonry  upon  earth  are  usually  placed 
in  a  trench,  by  which  means  the  frictional  stability  upon 
the  foundation  is  aidc*d  by  the  resistance  of  the  earth  side 
of  the  trend  I,  and  the  coefficient  thus  made  at  least  equal  to 
Tinity.  In  such  case  the  measure  of  resistance  to  horizoutiil 
displacement  is  the  friction  of  some  horizontal  or  inclined 
joint. 

The  value  of  the  adhesion  of  the  mortar  in  bed-joints  is 
usually  neplr^ted  in  coinijutations  of  horizontal  stability, 
and  sufficient  fricti<jnal  stability  sliould  in  all  cases  be  given 
by  weight,  so  that  th<^  resistance  of  the  mortar  may  be 
neglect^Kl  in  the  theoretical  investigation. 

If,  however,  the  mortar  is  worthless,  or  its  adhesion  is 

Babmerged  uamortarpd  masonry  and  porous  back-filling  are  n^duced  in 
ve  weight  141  ii mount  ••qiml  to  the  weight  of  the  water  ac'tually  displaced* 


I 

4 


or  olhemise^ 
to  m  lajier  of  sand  as  a 
ij  thus  be  i^aeed 


Frlctiim,— Tile  fol? 
fiictions  will  be  fouod 
wewenl  antlioritiesy  and 
euivmliie& 


TABi.E     Ho.    84. 
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397. 


(W-h  e  —  .50^,)  y<  c  =  2;79  tons,  and  x,  =^  2,25  tons,  and  the 
i^^all  has  a  a  small  margiu  of  frictioiial  stability. 

The  weight  of  the  wall  should  be  iiicreas*.^d  until  it  is 
able  to  resist  a  horizontal  thrust  of  at  least  1.5^i,  or  until 
8=  1.5iP|,  when  the  equation  o{  ft ict tonal  st'aMlity  becomes 

S=  (TF4-  e  —  CiZ,)  X  c  —  l.&Xiy  (8) 

in  which 

W  is  the  weight  of  masonry  above  any  given  plane, 

€  ''  vertical  downward  water  pressure  resultant, 
Z\  ^*  maximum  u]nvard  water  pressure  resultant* 
Ci     '*     ratio  of  effective  upward  watcT  pressure  to  the 

maximum. 
1     **     coefficient  of  friction  of  the  given  section  upon 

its  bed. 
Xi     **     horizontal  water  pressure  resultant. 
S     "     symbol  of  frictional  stability* 

400.  PresHiire  Leverage  cif  Water.— Since  the  hori- 
zontal resultant  of  the  water-pressnre  has  its  point  of  appli- 
cation above  tlie  level  of  i>,  in  N^  its  moment  of  pressure 
Ittjerage^  L,  has  a  mcignitude  equal  to  DN^  or  Kx  ^  \h^ 
into  the  horizontal  resultant. 


(9) 


401^  Leverage  Stability  of  3Ia.soiirj\— Tlie  moment 
of  pressure-levemge  of  the  water  tends  to  overturn  tlie  wall 
about  its  toe,  D  or  0,  Pig,  74,  opposite  to  the  side  I'eceiring 
the  pr<»ssure  alone,  or  the  maximum  pn-ssure. 

Let  the  weight  of  DCB,  jwr  cubical  foot,  b<*  assumed 
HO  pounds,  an  apj^roximate  weight  for  a  mortared  rubble 
wall  of  gneiss,  or  mica-slate ;  then  the  total  weiglit  above 
the  bed-joint  C2>,  is  140^  =  5.25  tons,  which  we  may  con- 
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sider  as  acting  vertioally  downward  through  (?,  the  ceni 
of  gravity  of  i)ei?. 

Plot  to  scale  this  vertical  resultant  of  weight  in  xtj^  = 
5.25  tons  (neglecting  for  the  present  the  upward  and  down- 
wai*d  pi'essui'es  of  the  water),  and  the  hoim)ntal  resultant 
of  water  pressure  in  xN^  =  2.25  tons^  and  complete  the 
parallelogmm  xJ\\Jl€, ;  then  the  diagonal  xM^  is  in  mag- 
nitude and  direction  the  final  resultant  of  the  two  fui*ce& 
The  resultant  arising  from  the  liorizontal  pressure  on 
JC,  and  weight  of  the  masonry,  is  in  magnitude  and  direc- 
tion xO. 

If  the  directions  of  xMand  xO  cut  the  base  Di  \  then  the 
wall  has,  theoretically,  leverage  stability,  but  if  the  direc- 
tions of  these  diagonals  are  outside  of  J}C\  then  the  wall 
lacks  leverage  stability  and  will  be  overturned. 

For  safety,  the  du^ection  of  xM  should  cut  the  base  at  a 
distance  ftom  K  not  exceeding  one-lialf  E(\  and  tlie  dii-ee- 
tion  of  xO  cut  the  base  at  a  distance  from  K  not  exceeding 
one-half  KD, 

403,  Moment  of  Weigrht  lieverage  of  Masonr>\— 
Since  the  vertical  resultant  of  weight  of  masonry  takes  its 
direction  through  G^  and  cuts  DC  at  a  distance  from  C, 
the  point  or  fulcrum  over  or  around  which  the  weight  must 
revolve,  the  moment  of  weight  leverage  of  the  wall  has  a 
magnitude,  when  n^sisting  revolution  to  the  right,  equal  to 
the  distance  KD  into  the  vertical  weight  resultant ;  and 
wlien  resisting  revolution  to  the  lefts,  equal  to  the  distance 
KC  into  the  vertical  weight  resultant. 

Let  the  sjrmbol  of  distance  of  K  from  the  fulcrum,  on 
either  side,  be  rfi,  and  its  value  be  computed  or  taken  by 
s<*a]e*  at  will ;  and  let  the  symbol  of  moment  of  weight 
leverage  be  M^  then 


^ 


——'must,  at  least,  be  equal  to  AiWi   -,  or 


4«3.  TliiekiiOHs  of  a  Vei-tieal  Rectaiigridar  Wall 
lor  Water  Pressure, 

_    Let  h  be  the  height  of  the  wall  and  of  the  water. 

w     ''      weight  of  a  cubic  foot  of  the  maBoniy. 
Wi    '*  "        ''  ''  ''      water, 

z      *'       required  tliiekness  of  the  wall. 
z 


Then  Zt  x  ^  x  -^  x  «>  —  leverage  moment  of  weight  of 
2    ;  and  /*  x  g  x  tOi  x  ^ 

The  equation  for  a  vertical  ivctangular  w^all,  Fig.  76, 
that  is  to  sustain  quiet  water  level  with  its  top,  and  that 
just  balances  a  double  effect  of  the  water  is : 


wall,  =  '^rt"- ;  ^°d  7f  X  ^  X  tOi  X  ^  =:  leverage  moment  of 


jiressure  of  water  =  for  double  effect, 


hzHo 


from  which  we  deduce  the  equation  of  thickness, 

404.  Moments  of  Keelaugfiilar  and  Trapezoidal 
SeetioiiH.— Let  DCEB^  Pig,  76,  be  a  vertical  rect-aiigular 
wall  of  masonry,  of  sectional  area  exactly  equal  to  the  tri- 
angular section  of  wall  in  Fig,  74,  viz.,  15  fi-€'t  in  Iieight  and 
fi  feet  in  breadth,  and  weighing,  also,  140  |>ouiid8  per 
cubical  foot.  Let  the  depth  of  water  which  it  is  to  sustain 
upon  either  side,  at  wilK  he  12  feet 


i 
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The  horizontal  resultant  of  water  pressure  is 

lOi-^  =  2.25  tons, 

and  the  vertical  resultant  of  weight  of  wall  into  me  cc 
ticient  (.62)  of  friction  is 

[  w -  (Mzt)]  x€-  2.96  tons. 

This  leaves  a  small  margin  of  frictional  stability. 
The  vertical  weight  resultant  is 

(Aw)  -  (MZi)  ^  4.78  tons, 

or,  if  there  is  no  upward  pressure. 

Aw  =  5.25  tona 

Plot  to  scale  the  horizontal  and  vertical  resultants  froiP 
their  intersection  in  x^  and  complete  the  parallelogram 

xPMe2 ;  then  will  the  diagonal 
wM  be  the  ttnal  resultant  of  the 
two  forces. 

The  direction  of  the  diagonal 
■'•^  now  cuts  the  base  very  near 
the  toe  C\  and  the  given  waU 
w^ith  vertical  rectangular  sec- 
2  tion  lacks  the  usual  coefficient 
of  leverage  stability,  tliough  it 
was  found  to  have  amjile  lever- 
age stability  in  the  equal  tri- 

^    angular  section. 

If  we  now  give  to  this  same 
wall  a  slight  batter  upon  each 
Bide,  as  indicated  by  tlie  dotted  lines,  its  linal  n^sultant, 
ising  from  the  horizontal  water  pressui'e,  will  lie  in  xOtt 


Fio,  75, 
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and  its  direction  will  cut  the  "base  farther  from  the  toe,  and 
the  leverage  stability  of  the  wall  will  be  increased. 

Let  BCBB,  Fig.  76,  be  a  section  of  a  partition  wall  in  a 
reservoir,  subject  to  a  pressure  of  water  whose  surface  coin- 
cides with  its  top,  on  either  side,  at  wiU,  Let  the  height  b©  j 
12  feet,  and  the  thickness  at  top  4  feet 

Fig.  7aw 


~L 


2 


Ml 


-J 


1 


I^ia^y 


^Ji« 


t.£S    JQHW^ 


TL 


U- 


Tlie  side  EO  is  vertical  and  the  side  BD  lias  a  batter  of 
three  inches  to  the  foot, 

Tlie  maximum  pressure  resultants  met*t  tlie  T'espeetive 
sidee  in  P  and  Pi,  in  din^ctions  ]]ier]>endicular  to  tlieir  sides, 
and  at  depths  equal  to  two-thirds  the  vertical  depth  EC, 
26 
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l^lot  to  scale  the  horizontal  pn?8sure  resnltantd  in 
I'espective  directions  through  P  and  Pj,  and  the  weighi 
resultant  in  its  vertical  direction  tliroiigh  the  centre  of  giar- 
itjr,^  O,  and  complete  the  parallelograms.     The  diagoi 
then  give  the  directions  and  magnitudes  of  the  maximom 
levenige  effects, 

Tlie  diagonal  xO  cuts  the  base  CD  at  a  distance  from  K 
less  than  half  KD ;  the  diagonal  O'M  cuts  the  base  at  a 
distance  from  K  mon*  than  half  the  distance  KC. 

The  leverage  stability  of  the  wall  is  therefore  satisfactorr 
t*>  resist  pressure  from  the  left,  but  has  not  the  desiml 
factor  of  safety  to  resist  pn*ssure  from  the  right, 

405.  Gmphieal  ait^thod  of  FiudinK  the  Leverap^ 
ReHintaiiee, — The  ratio  of  leveinge  resistance  may  1)** 
obtained  from  the  sketch  by  sca,le,  as  follows :  Extend  the 
base,  JO^  of  the  immllelogmm  upon  the  rights  indefinitelj' ;  J 
draw  a  broken  line  from  x  through  D,  cutting  JOr,  in/*;  V 
then  tlie  ratio  of  leverage  stability  against  the  water  pressure 
upon  MC  is  to  unity  as  /r,  is  to  JO. 

Also  extend  KO.^  indefinitely  ;  draw  a  broken  line  frocft 
f/t  tlirough  tiie  toe  ( ',  cutting  KO^ri  in  r^ ;  then  the  ratio  otl 
leverage  stability  against  the  maj^imum  water  pressor 
iil>on  BD  is  to  unity  as  Kr^  is  to  KO^ 

The  mtio  of  r^O^  to  r^IT  exceeds  .5,  but  the  ratio  of  r 
to  rJ  is  less  than  .5 ;  thert^fore  the  effect  of  the  horizons 
pressure  x^Pi  to  overturn  the  w^all  exceeds  the  effect  of  tl 
maximum  pressure  7/P,  to  overturn  the  wall- 

406.  Granular  Stability.— We  have  found  the  Tna. 


1 


♦  The  centre  of  gimvity  of  a  rwtangwlar  aTmmetricaJ  plane.  Fig,  75.  nee : 
the  iiitersecti^i:!  of  Us  diagonals. 

The  centre  of  gravity  of  a  tmpezaidal  plane  DCEB,  Fig,  76.  may  bo  fnun 
■phicany,  thuB :  Prolong  CD  to  i,  and  make?  Oi  —  EB.     Alsn  urolnog  EB  i 
\  uid  make  Bk  =  CD.    Join  ki     Bisect  CD  and  EB,  in  rf  nnd  &.  itiid  joii 
TUe  centre  of  gravity  0  liee  in  tbe  intersection  of  the  Unee  db  and  ik. 
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^mm^mn^T  pressure  reBultant  upon  tlie  inclined  side,  JO 
(Fig.  74),  to  be  yPt  =  //  =  2.714  t<ms ;  its  direction  to  be 
perpt»ndicnlar  to  JC*,  and  its  point  of  application  to  be  at 
tw'o-thirds  tlie  vertical  deptli  JC,  or  iC. 

Plot  this  inclined  n^sultantj  in  the  prolongation  of  the 
line;///',,  from  a  vertical  tlirough  G,  in  //jP.  =  2.714  tons; 
and  plot  the  vortical  weight  n^sultiint  of  the  wall  from  the 
intersection  i/^.  in  f/^Ki  =  5-25  tons  ;  complete  the  pamllelo- 
gram  y^P^OtK^^^  then  the  diagonal  y^O^  is  in  magnitude 
and  direction  the  maximum  prt^ssure  n^sultant  of  tlie  two 
forces  tending  to  crush  the  granular  structure  of  the  wall 
and  its  foundation. 

The  following  table  of  data  relating  to  computed  pres- 
sures in  masonries  of  existing  stnictures,  is  condensed  an<3 
tabulatf*d  from  memoranda*  given  by  Stoney  and  from 
other  sources : 

TABLE     No.     8  6. 
Computed  Pressures  in  Masonry. 


fCiKo  OP  Ma&okmv. 


Piers*  All  Sainis  Church ...... 

PttLir,  C^hapier  House.  . . . 

PUiarSfdome  St.  Paul's  Church 
'*     St.  Peter's  Church 

Aqueduct,  pier 

Arch  bricks,  bridge,  Charing  I 

Cross. \ 

Pier  bricks.  Suspension  Bridge. 

Bridge  pier 

Arch  concrete*  bridge,  Char-| 

ing  Cross \ 

Arch  bricks,  viaduct 

Brick  chimne3% 

Bricks,  estimated  pressure  on  J 

leeward  side  in  a  gale. . . .  ) 


Location. 


Angers. 

Elgin. 
London, 

Rome. 
Marseilles. 

London* 

Clifton. 
Sa^Itash. 

London. 

Birmingham. 
Glasgow. 


MatsiuaLi 


Fomeaux  stone. 

Red  sandstone. 

Portland  limestone. 

Calcareous  tufa. 

Stone. 

Londim  paviors. 

Staffordshire  blue  biicks. 
Granite, 

Port.  Cement,  i;  gravel,  7- 

Red  bricks. 
Brick. 


sai 


86,oi6 
40,096 
39>424 
33.376 
30,240 

26,880 

39400 

31,380, 


Long  tpiw  bridges  have  aometiniee  prr'iaiares  at  their  s^iringing  exoeedlji|; 
t35.(KH>  pnundfl  per  oqnare  foot 


•  The  Tbi*ory  of  Stndns  in  Glrdera  and  Similar  Stmcturea.     New  York»  1878, 
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Experimefitml  data  of  the  ultmui^  strength  of  masonif 
lujge  siHBnktts  not  Iseem  obtained  m  a  sofficieDt  uamber  I 
Id  deiermine  a  limit  gt^nerall y  applicable  for 

fUliirefiisI  diows  itasU  by  the  spaltiiig  off  of  flie  angles 
or  edgea  at  Ike  sloBee^  or  by  the  breaking  across  of  stones 
8ubj«?ctii»l  to  a  tmasrcm  atiaia,  and  next  by  the  orashing 
oftteBiortar. 

407»  Limitiiii;  PrMsorea*— From  experiments  of  eer- 
efal  engiiieefs  xiptm  the  ultimate  crashing  strength  of  ^iimll 
ciib»  of  dreeaed  stones  ^1  inch  and  1|  in«!:h  square),  aod 
from  compntatiocis  of  pressur^es  npon  the  lower  coursed  d 
tall  stacks  and  quires^  the  data  of  the  fallowing  table  hm 
been  piepan^: 

TABLE     No,     86. 
Approximate  Limttikg  Ppessctres  upour  Mjisoxrv. 


I  1  EsLmfepi^ 

A.w^bil^'   Ag^Si-^    ^liSS/^'   iu'l^SSd"'™' 

"JSS££"  5*T?SSS  .STS'.ESk  '^'SS?5i^ 


Limestone* 
Sandstone. 
Granite  * . , 
Brick ..... 


I    4.000  lbs. 

.    6,ooo    *' 

lo.ooo    ** 

!  2,500  " 


115,000  lbs. 
170,000   ^ 
280,000  " 
72,000  ** 


15,000  lbs. 

15,000   " 

30,000   " 

8,000   •* 


McMastermentioDS*  that  in  Simin,  and  in  some  instances 
in  Prancej  the  limit  of  pressure  in  stone  masonry  has  been 
taken  in  practice  as  high  as  14  kilogrammes  per  square 
centimeter  (=  28678  lbs.  per  square  foot);  but  in  the  ma- 
jority of  cases  the  limit  is  taken  at  from  6  kilometers  to  8.60 
kilometers  per  square  centimeter,  or  say  15000  lbs.  persq,  ft. 


•  Profiles  of  High  Maaonrj  D&ma.     New  York,  1876, 
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The  ultimate  graoular  resistance  of  the  masoniy  is 
largely  deijendent  upon  the  streogtli  of  the  raortai\  and 
upon  the  skill  applied  to  the  di"essing  and  laying  of  the 
stones. 

It  is  not  advisable  to  allow  either  a  direct  or  resultant 
pressure  exceeding  140  pounds  per  square  inch  within  one 
foot  of  the  face  of  rubble  masonr}%  or  2<X>  pounds  per  square 
inch  in  the  heart  of  the  work ;  and  these  limits  shoiild  be 
approached  only  when  botli  materials  and  workmanship 
are  of  a  superior  class. 

The  resultant  of  the  horizontal  pressure  is  seen  to  cut 
the  base-line  nearer  to  the  toe,  or  fulcrum,  over  which  the 
resultant  tends  to  revolve  the  wall,  than  does  the  resultant 
of  maximum  pressure ;  the  crushing  strain  is  therefore 
greater  near  the  face  of  the  masonry  from  the  horizontal 
than  the  maximum  resultant. 

Care  must  be  exercised,  in  bigh  structures,  that  the  safe 
pressun?  limit  near  the  edge  is  not  exceeded,  lest  the  edge 
spalt  off,  and  the  fulcnim  be  changed  to  a  position  nearer 
the  centre  of  the  wall,  and  the  leverage  stability  thus  re- 
duced, 

408,  Table  of  WallH  for  Quiet  Water.— The  fol- 
lowing table  gives  dimensions  for  walls  to  sustain  quiet 
water  on  either  side,  and  also  on  the  back  only,  with  a 
limiting  face  batter  of  two  inches  per  foot  rise ; 
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^H                                              TABLE     No.    87.                              ^^H 

^H           Approximate  Dimensions  of  Walus  to  Retain  Water.      ■ 

■            For  granite  ruhbU  %mUs,  in  m&rtar^  ofsptcifi€  graz^iiy  2.25,  ar  tmeigkt^  i^  /**M^| 

^^m                    per  cuHc  /oat ;  to  retain  qniet  water  Uvei  with  tJte  itf  of  the  vmiK    ^^^| 

VKjrncAi- 

RSCTANOULAJI 

Wala, 

PXBSSDUI  OK  KITHa  SIDB. 

PBEstna  OS  Back  «u.t.        ' 

1                  Height  of 

^^^^__^irmter  and 

Breadth  in 

feet 

Top 
brewllh  in 

Bottom 
bnadlhla 

Top        Fuebstlei 
bn»dtii  in    in  Inches 

BOCKIB 

ICCb 

Icet. 

(eet. 

feet.       pern.  rise. 

tfcn. 

1                     ^ 

3-5 

35 

3-5 

3-5 

0 

3.5    ri 

1                      S 

35 

3-5 

3-5 

3-5 

0 

3-5      ■ 

1                      ^ 

35 

35 

35 

3-5 

0 

3.5      1 

^K              ^ 

4.0 

3-5 

4-25 

3-5 

f 

4.0       ' 

^B 

4-5 

3-5 

S-*5 

3-5 

li  1    5.0 

^B 

5.0 

3-S 

6.00 

3-5 

5-75   ^ 

^H 

S-5 

3.5 

6.50 

3-5 

6-7S   ■ 

^H 

6.0 

3.5 

7-25 

3-5 

7-'5    ■ 

^H 

6.7S 

4.0 

7-75 

4.0 

7-83    ■ 

^H 

7-25 

4.0 

8.50 

4.0 

8.67 

^H 

V^ 

4.0 

9*5 

4.0 

9S» 

^B 

8*5 

4.0 

to.oo 

4.0 

to.50  H 
ti  SO  V| 

I2.00          ' 

^H 

9.00 

4.0 

»o.7S 

4.0 

2 

^H 

9.50 

4.0 

11.67 

4.0 

2 

^H 

10.00 

5-0 

11-75 

5.0 

2 

ij.S© 

^H 

10.50 

50 

13.67 

5-0 

2 

13-67 

^^1 

11.00 

S-o 

1333 

5.0 

2 

«4.5o  ^ 

^^H 

1 1.50 

S-o 

14.00 

50 

2 

1525  ■ 

^^H 

12.25 

S-o     1 

14.83 

5-0 

2 

<6.25  ■ 

^P 

i*-7S 

S-o 

»5-7S 

S-o 

2 

>7-'S  ■ 

f^            24 

1325 

5-0 

16.50 

50 

2 

18.2s  f 

^y        The  top  tliickness  is  to  be  increasi^d  if  the  top  of  th<^^ 

wall  is  exposed  to  ice-thrust ;  and  the  whole  thicknegj 

imist  be  increased  if  water  is  to  flow  over  tlie  crest,  aceor^H 

ing  to  the  depth  of  the  crest,  and  its  initial  Telocity  of  ap^ 

proach* 

Unless  partition-walls  rest  on  solid  rock,  or  on  inii>erri-  ^ 

^k    ous  strata  of  earth,  as  they  should,  j>ercolation  under  the 
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wall  must  be  prevented  by  a  concrete  or  puddle  stop-wall^ 
or  by  slieet-piling;  or  tht^  previous  strata  must  be  ellectu- 
ally"  sealed  over, 

409,  Eeoiioiiik'  Profile k.— It  is  evident,  from  tlie 
above  investigations,  that  tlii'  prolile  has  an  important  influ- 
ence upon  tbe  leverage  stability  of  a  wtill  of  givtn  weiglit 
of  matt^riul,  and  therefore,  for  a  given  stability,  upon  econ- 
omy of  material. 

Tlie  leverage  stability  against  pressures  of  water  upon 
tlie  vertical  sides  of  triangular  or  titipezoidal  sections  of 
masonry  is  greater  than  th*^  h^vemge  resistances  to  pressures 
upon  their  inclined  sides,  as  is  graphically  illustrated  in  the 
above  sketches ;  hence  there  is  an  advantage  in  giving  all 
tlie  batter  to  the  side  opposite  to  the  pressure. 

The  vertical  rectangular  sections  are  least  economic,  and 
the  triangular  sections  most  economic  of  materiah 

When  some  given  tliickness  is  assumed  lor  the  top  of  a 
retainmg  wall,  to  give  it  stability  against  frost,  or  displace- 
ment from  any  cause,  then  theory  makes  botli  sides  vertical 
from  the  top  downwanl  until  the  limiting  mtio  of  leverage 
stability  is  ivachi'd,  and  then  gives  to  the  side  opposite  to 
the  pi-essure  a  parabolic  concave  curve. 

It  may  be  necessary  to  widen  the  base  of  high  walls 
Xipon  both  sides  beyond  the  bmadth  required  for  leverage 
stability,  to  distribute  the  weight  sufficiently  upon  a  weak 
Ibumhatiou  Practical  considerations,  in  opposition  to 
theory^  tend  to  rectangular  vertical  sections. 

Tlie  engineer  who  is  familiar  with  both  theory  and  prac- 
"^ce,  adjusts  the  profilt^  for  each  given  case,  so  as  to  attain 
^he  reqnisite  frictional,  k*vf»i*age,  and  granular  stabilities,  in 
^he  most  substantial  and  economical  manner,  Imving  due 
o  the  qualit}^  and  cost  of  materials,  and  the  skill 
of  the  required  labor. 


I 
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410.  Theor>  of  Earth  Prcn^mireK— Eartli  fillin 
the  different  varieties  behind  ri^^taiBing  walls,  is  met  in  all 
conditions  of  cobesiveness  between  tliat  of  a  fluid  and  that 
of  a  solid. 

The  same  filling,  in  place,  is  subject  to  constant  changes 
in  its  degree  of  cohesion,  as  its  moisture  is  increased  or 
diminished,  or  as  its  pressure  and  condensation  is  increased, 
or  as  it  is  subjected  to  tlie  tremulous  action  of  traffic  over  it 
The  theory  of  earth  pressure,  therefore,  leads  to  less  certain 
results  tlian  does  the  theory  of  water  pressure. 

We  have  seen  {§  353)  that  different  earths  have  dif- 
ferent natural  angles  of  repose  when  exposed  to  atmos- 
pheric intluenceSj  and  they  also  tend  to  assume  their  natural 
fricUon.al  angle  when  deposited  in  a  bank*  If  we  make  a 
broad  fill  with  earth,  beliind  a  vertical  wall  and  then  sud- 
denly remove  the  wall,  a  portion  of  the  eaith,  of  triangular 
section,  mil  at  once  fall,  and  the  slope  will  assume  its  natu- 
ral frictional  angle.  If  we  make  such  a  flU  even  with  the 
top  of  a  vertical  rectangular  wall,  whose  thickness  is  only 
equal  to  one-fourth  of  its  height,  then  the  earth  will  over- 
turn the  wall.  Tliis  is  evidence  that  a  portion  of  the  earth 
produces  a  lateral  pressure.  If  the  earth  is  fully  satumted 
witli  water,  its  lateral  pressure  may  be  nearly  like  that  of  a 
fluid  of  equal  specitic  gravity.  K  the  earth  is  compnnt  like 
a  solid,  its  tlinist  may  be  nearly  like  that  of  a  ricrid  wKlge, 

Let  LDBJ,  Fig.  77,  be  an  earth-fill  behind  a  vrrtical 
Btaining  wall  Dli,  Let  LDVi  be  the  natural  frictional 
angle  =  ^,  of  that  earth  filling.  It  is  evident  that  the  por- 
tion of  e-arth  LDVi  will  prodnc^  no  thnist  ujK)n  the  ma- 
sonry, because  it  would  remain  at  rest  if  the  wall  was 
removed.  Suppose  all  the  filling  above  DV^  to  be  divided 
into  an  infinite  number  of  laminie  whose  planes  of  cleavage 
all  meet  at  one  edge  in  2>,  and  radiate  from  D.    Tlien  the 
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thin  lamina  adjoining  D  Vi  will  exert  the  minimum  thrust 
against  the  masonry  and  the  maximum  weight-pressure 
upon  DVi.    The  thin  lamina  adjoining  BD  will  exert  the 


Pig.  77. 


maximum  wedge-tlirust  against  the  masonry  and  minimum 
Weight-pressure  upon  D  VJ. 

Suppose  the  mass  ViDBJto  be  divided  into  two  parts 
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by  the  plane  DJ^  which  bisects  the  angle  BI> 
wedge  BDJi  then  be  increased  in  dimensions 
the  side  JD  to  the  right,  around  D  \  then  it^ 
solid,  will  rest  more  upon  r,i),  and  its  lateral  thrust  will 
not  be  increased.  L^t  the  wedge  BDJ^  then  be  reduced  in 
dimensions  by  revolving  the  side  JD  to  the  left ;  then  its 
total  weight  and  its  ability  to  produce  lateral  thrust  upon 
the  masonry  will  be  reduced.  We  may  therefore  assun^e 
that  that  portion  of  the  mass  VjDBJ.  included  in  the  upjxT 
wedge  formed  by  bisecting  the  angle  ViDB  will  be  tlie 
maadmum  portion  of  the  eartli  that  will  first  fall  if  the  wall 
is  suddenly  removed,  and  that  the  thrust  of  the  wedge  BPJ, 
if  considered  alone,  and  as  devoid  of  friction  upon  the  plane 
JJ>^  will  give  a  safe  theoretical  maximum  effect  upon  tbe 
masonry  of  the  whole  mass  ViBBJ, 

The  practical  value  of  such  assumption  has  been  ablj 
demonstrated  by  Coloumb,  Prony,  Canon  Moseley,  Ran- 
kine,  Neville,  and  others, 

411.  Equation  of  Weight  of  Earth-Wedge,— T&v 
weiglit  Wz  of  the  wedge  of  earth  (considered  as  one  foot 
In  length),  in  pounds,  equals  its  surface  arc^a  BBJ,  in  square 
feet^  =  At,  into  the  weight  of  one  cubical  foot  of  the  mate- 
rial =  fi?,. 

Lot  tlie  symbol  of  the   frictional  angle  LDV  of  the^ 
earth  tilling  be  <p^  and  of  ViBJhe  <r  ;  then  will  the  angle 


BDJ  = 


^  =  d  =  angle  V,DJ=9* 


Let  the  height  BJD  equal  12  feet^  —  h  ;   then  the  area  of 
DBJwm  equal  JDB  into  one-half  BJ^ 


X  -  tan  ^  =  "  cotan  i4»  +  f»). 


PRESSURE    OF    EARTH-WEIHSR 
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412.    Equation    of  PresHiire   of  Earth -Wedge, — 

Assume  the  weight  of  the  wedge  BBJ  —  Am,  =  W^  to  be 
gathered  into  its  vertical  resultant  passing  through  its  cen- 
tre of  gmvity,  g ;  then  the  thrust  P  of  the  wedge  equals 
its  weight  into  its  horizontal  treadth  BJ^  divided  by  its 
vertical  height  BD  = 

P  =:  A2W2  tan  e^  Wi  cotan  (*  +  9).  (14) 

Draw  the  vertical  resultant  W^  to  scale  in  eP,  meeting 
the  inclined  plane  /i),  in  P. 

The  tlimst  effect  of  TF.  mil  have  its  maximum  action  in 
a  line  parallel  to  the  line  i>Fi,  since  the  mas*s  V^DBJ,  as 
a  whole,  tends  to  move  down  the  plane  FjD. 

The  theoretical  reaction  from  the  wall,  necessary  to  sus- 
tain TF2,  will  then  be  in  a  direction  parallel  to  D  Vi ,  cutting 
the  vertical  resultant  in  P.  Draw  the  reaction  of  tlie  wall 
to  scale  in  nP,  The  reaction  of  the  plane  JB  is  in  direc- 
tion and  magnitude  equal  to  the  diagonal  P?/,  of  the  paral- 
lelogram of  which  Wi  and  P  form  two  sides.  Draw  the 
reaction  of  JB  to  male  in  VP.  Tlien  will  the  three  result- 
ants eP^  nPy  and  I'P  be  in  equilibrium  about  the  point  P. 

U>t  «  =  30^ 

Assume  the  filling  to  be  of  gravel,  weighing  125  pounds 
per  cubic  foot,  and  that  after  a  storm,  its  drains  being 
obstructed,  its  voids  ai-e  tilled  with  water,  increasing  the 
weight  to  140  pounds  per  cubic  foot,  =  w^ ;  then 


tan^"-^* 


IT,  =  I'  cotan  («  +  .r)  K>.  =  ^V 

12 
=  12  feet  X  -^  feet  x  .57736  x  140  pounds 

=  5,820  pounds  ^  2,91  t<ms. 

The  reaction  from  the  wall  necessary  to  sustain  the 
weight  of  the  w^edge  JBB  = 
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P=  IT,  tan  <?  =  ^  cotan*  (0  +9)Wt  (15) 

=  2.91  tons  X  .67735 
— 1.68  tons. 

Tlie  liorizontal  effect  of  P  = 

X  =  P  cos  0  =  AiWt  tan  B  cos  ^  (16) 

=  1.68  tons  X  .86602  -  IA5  tons. 

The  thrust  of  the  wedge  tending  to  push  away  and  to 
overturn  the  wall  is  equal  to  the  reaction  from  the  wall 
necessary  to  sustain  the  wedge  in  position.  We  find  it^ 
horizontal  eflect  in  this  case  to  he  1,45  tons,  and  this  is  tlie 
niaxiinum  eflect,  =  x^  tending  to  displace  the  >vall  hori- 
zontal ly. 

4Uk  EiiUtitioii  of  Moment  of  PrpMHiire  Leverage. 
— ^The  maximum  moment  of  pressure  leeerage.  Lj  tending 
to  overturn  the  wall  around  its  toe,  equals  w  into  the  height^ 
in  feet,  above  D  at  which  ;r  meets  the  wall. 

When  the  wall  is  vertical  and  the  surface  of  filling  hori" 

zontal,  X  always  meets  BD  at  one-third  h  from  i),  ^  -   ^ 

o 

therefore  the  equation  of  moment  of  pressure  lever 
[]:>ecome8 

ii  =-  iT  -  =  {A2W2  tan  B  cos  <t>)  5  (n 

=  1.45  tons  X  i^  =  5.80  tons. 

414.  Thickness  of  a  Vertical  Rectanjjnlar  Wl 
for  Earth  Pre.ssiire. — The  moment  of  weight  leverage  of ' 

a  vertical  rectangular  wall  is  — 5- ,  in  which  2  is  the  thick- 

ness  of  the  wall. 


SIJBCHARGED    EARTH-WEDGE. 
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The  double  moment  of  presBure  leverage  of  earth  lev**l 
with  the  top  of  the  wall  is 

h      h^ 
{h^Wi  tan^  ScoB<p)  x  —  =  ~  zfja  tan^  B  cos  f» 

When  the  wall  just  balances  the  theoretical  double 
re  of  the  earth  level  with  its  top, 

-^—  =  ^vh  taa^  ^  cos  0, 

from  which  is  deduced  the  equation  of  thickness  for  a  ver-_ 
tical  rectanguJar  wall, 

1 2h^w^  tan=*  <9  cos  ^  )  i       ( h^w^  tan^  <9  cos  ^  ( i       ,.  -,  ■ 

=  1 — ww  -  —<;  =  \ — iM — f      ^^^ 


415.  SureliariJfed  Earth -Wedjsre* — ^\Tien  the  earth- 
fill  behind  a  wall  is  carried  up  above  the  top  level  BJ  of 
the  wall,  and  is  sk*ped  down  against  the  top  angle  B,  or 
upon  the  top  of  the  wall,  the  fill  DBI^  is  then  termed  a 
S7irc7iurged  fill. 

Its  weight  W2  is,  as  in  the  case  of  the  level  till,  per  lineal 
foot, 

W,  -  A^W^.  (19) 

To  compute  the  pressure  of  the  surcharged  fill,  we  may 
divide  the  mass  V^DBF  into  two  wedges  by  a  plane  DF^ 
bisecting  the  angle  VyDB,  and  take  tlie  action  of  the  w^t^dire 
FDB  as  equivalent  to  the  effective  action  of  the  whole  mass 
YDBF. 

Let  the  natural  frictional  angle  of  the  earth -fiU  be 

The  area  A^  of  the  w^edge  FDB  may  be  computed  by 
any  method  of  ascertaining  the  area  of  a  triangular  super- 
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lioes.    If,  with  a  given  slope  BF,  the  fill  tlws  not  rise  as 
high  as  Fj  and  its  surface  level  cuts  FB  and  FJ  between 
the  levels  of  F  and  B^  then  its  area  is  ascertained  by  any       ■ 
method  of  ascertaining  tlie  superfices  of  a  ti^apeziuni*  ^| 

Let  fall  upon  DF  a  perpendicular  from  B^  meeting  DF 
in  i  \  then  the  distancea  Di  and  iF  are  equal,  each,  to  the       ' 


cosine  of  the  angle  BDF  =  cob. 


90" 


0 


^  cos  ^  ;  and  the 


distance  fB  is  ecjnal  to  sin 


2 


=  sin  B, 


Let  the  tieight  BB  =  h  =  12  feet. 

The  area  BBF  equals  the  length  Di^into  one-lialf  /i?  = 

A2  ^  h  X  2€QsO  X  h  1  sin  ^  =  /a  cos  <?  x  //  sin  (^     (20) 
=  (12  X  .860)  X  (12  X  .5)  =  62.63  sq.  ft. 

Let  the  mean  weight  of  the  fill,  which  is  quite  sure  to  be 
drained  above  the  level  BJ^  be  assumed  130  pounds  per  | 
cubical  foot. 

4l*>.  PresHure  of  a  Siireliarijeil  Earth -Wedge- 
Suppose  the  weight  to  be  gathered  into  its  vertical  resultant 
passing  through  the  centre  of  gravity  ff^,  of  the  mass  DFB, 
This  vertical  resultant  will  meet  the  plane  FB  m  P,  at  a 
level  liigher  than  P. 

The  wedge-thrust  P,,  due  to  the  weight  W2,  equals 
weight  into  the  horizontal  breadth  P/,  divided  by 
height  BB  = 


4 

I 


P,  =  Tr,tan 


90^ -4> 


=  A2Wt  cotan  ( ^  -f  v)  — 


62.53  sq.  ft  X  130  lbs.  x  .577  =  4690,38  lbs.  =  2.345  tons. 

The  maxiraum  pressure-action  of  the  weight  upon  the 
wall  is  in  a  direction  parallel  to  V^D,  the  natural  frictional 
angle  <t>,  of  the  filling  niateriaL  Its  Jwrizonial  pressmre 
i^cd^  Xi^  m  theR*fore : 


PKESSCBE   OF   AN    INFINITE    SUHCHAHtiE. 
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Xi  =  Pi  X  COS  (li  ^  A-iW-i  tan  d  cos  *  =  (22) 

2.345  tons  x  .866  ^  2.03  tons. 

The  maximum  horizontal  pressure  resultant  takes  its 
direction  through  Pi  and  meets  the  wall  at  the  altitude  *>!' 

h 


P„  which  is  ffr eater  than 


3' 


I 


We  may  here  obseiTe  that^  even  tliongh  the  fill  BBF 
is  of  lighter  mateiial  than  the  till  DBJ^  so  that  the  total j 
weight  of  one  is  exactly  equal  to  the  total  weiglit  of  the 
other,  the  pressure  leverage  effect  from  the  surcharged  fill 
will  exceed  the  pressure  leverage  effect  from  tlie  level  fill, 
l>ecause  its  centre  of  gra^^nty  g^  will  he  higher  than  g^  its 
vertical  resultant  Wi  will  nu^et  the  plane  J  I)  in  Pj  at  a  X)oint 
higher  than  P,  and  its  horizontal  resultant  x^  will  meet  the 
wall  at  a  greater  altitude  fn3m  D  than  wDl  tlie  resultant  x. 

Let  Tk  be  tlie  symbol  of  the  ratio  of  h  at  which  ^i  meets 
the  wall  from  J) ;  tlien  if  x,  meets  DB  at  p,  n  =  -3333 ; 
and  if  .r,  meet  DB  at  \h^  n  —  .5,  etc. 

417,  iloiiieiit  of  a  Sureliarge  Pressure  Levei'age, 
— ^The  maximum  rrtmnent  of  pressure  leverage  At  of  a  sur- 
cbaiged  fill,  tending  to  overturn  the  wall  around  its  toe, 
equals  x^  into  the  height^  in  feet  =  {rf,k}  above  D,  at  which 
Xi  meets  the  wall. 


Li  =  Xi  X  {rji)  =  A.Wt  tan  B  cos  4>  ifji)  — 
2M  tons  X  5.98  =-12.14  tons. 


(23) 


418.  Pressure  of  an  Iiiflnite  Siireliarfi^e.— Let  BF, 
j  Jig.  78,  be  the  natuinl  slope  of  tlie  tilling  material,  and 
parallel  vnih  DI,  which  makes  witli  DL  the  natural  fric- 
tional  angle  LDI  =  <^.    Let  BF  extend  indefinitely. 

If  /DBF  18  a  perfect  solid  it  will  be  just  upon  the  point 
of  motion  down  the  sloiw?  ID ;  on  the  other  hand,  if  IDBF 
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h  liquid,  of  specific  gravity  equal  to  tlie  specific  gravity  of  j 
the  fiUiiig  material,  it  will  then  exeit  its  oiaximum  pressu 
upon  the  wall-face  J}B. 

Let  the  filling  be  considered  liquid,  resting  upon  the 
eqiiinaleid  horizontal  base  J?/,  and  having  the  equimlen 
horizontal  surface  BF* 

Let  fall  upon  DI  a  perpendicular  from  B,  meeting  BI^ 
in/;  then  will  BJ  be  an  equivalent  vertical  projection,  or 
trace,  of  BD.    The  angle  DBJ  equals  the  angle  LBI  —  0, 
The  distauce  BJ  ^  //,  equals  the  distance  BD  (^h)  into  the 
cosine  of  the  angle  PBJ  =  h  cos  <p. 

The  direct  liquid  pressure  Pi  upon  BJ  equals  -^  «^  =^ 

P,=m,^  cos' 4*,  (24) 

and  the  pressure  upon  BD  in  the  same  direction  10 

and  its  maximum  resultant  has  a  direction  parallel  with] 
ID^  and  meets  BJ  at  one-third  the  height  ^5,  in  m,  and  B. 
at  one-tliird  the  height  DB^  in  P^, 

The  horizontal  pressure  effect  Xi  upon  the  wall  BD^  is 


Xy  =  Pi  cos  0  =  tCg  —  cos'  <p  = 


m 


19' 

130  lbs.  X  i=-  X 


,6495  =  6079.33  lbs.  =  3.036  tons. 


The  maximum  moment  of  liquid  pressure  leverage  Li 
of  the  infinite  surcharged  fill  tending  to  overturn  the  wall 
around  its  toe,  equals  Xt  into  one-third  tlie  height  BJ>. 


r  k         I       ¥        ,\         h 

i,  =a?,  g-  =  \iOt  g-  co8*<kj  ^   3-  = 
13  ft. 


(26> 


3.036  tons  x 


=  12.14  tons. 
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E19.  Resistance  of  Masonry  Revetuieiits, — ^The 
elements  of  stability  of  a  revetiueut  that  enables  it  to  aus- 
taiu  the  thrust  of  au  earth-lilling  buliiud  it,  are  identical 
with  those  we  have  already  examined  (§  401),  that  enable 
it  to  sustain  a  pleasure  of  water, 

Tliere  must  be  sufficient  weight,  W,  to  give  it  frictional 
stability,  8^  and  the  profile  must  be  adjusted  so  that  with 
the  given  weight  the  mass  shall  have  the  requisite  moin«mt 
JIT  of  weight  leverage,  with  an  ample  coefficienty  of  safety, 
to  resist  the  thnist  of  tlie  earth-filling,  at  its  maximum. 

The  wefffhi  of  wall  above  any  given  horizontal  plane 
between  B  and  Z>  iFig.  77)  equals  the  area  of  the  st^etion 
above  that  phine  in  sipiare  feet,  into  tlie  weight  of  a  cubical 
foot  of  the  materials  of  the  wall  (g  398), 

=  W=  Aw, 


The/rictiannl  stability^  S,  of  the  wall  at  the  given  hori* 
zontal  plane,  that  has  to  resist  tlte  horizontal  pix^ssure  of 
the  earth  filling,  equals  the  weight  of  masonry  above  that 
plane,  plus  the  vertical  downward  pressure  of  any  water 
that  may  rest  upon  its  front  batter  (BO,  Fig.  80),  less  tlie 
vertical  resultant  of  upward  pressure  beneath  the  plane  or 
'^  in  the  bed-joints,  and  into  the  coefficient  of  friction  of  the 
given  section  upon  it^  bed  (§  .398), 

The  moment  of  weight  leveitige  of  the  wall  that  has  to 
resist  the  overturning  tendt^ncy  of  the  earth-thnist,  equals 
the  weight  of  the  masonry  above  the  given  plane  into  the 
horizontal  distance  of  the  centre  of  gravity  of  the  masonry 
from  the  toe,  or  fulcrum,  over  which  the  thrust  tends  to 
revolve  it  (§  403), 

M  =  Awd. 
27 
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Id  ihejse  eqiiatioas: 

IF  is  the  weight  above  tlie  given  plane. 
g  i^  a   frictioDal  stability  of  the  given  section* 
M  ''   **    moment  of  weight  leverage  of  the  given  sectioTL 
e   **   *'   vertical  downward  water  pressure  resnltaut. 
Zi  ^*  **   vertical  upward  water  pressure  resultant. 
Ct  "  "   ratio  of  eflFective  vertical  upward  water  pressiHv 
c  "  "   coefficient  of  friction  of  the  given  section  upo» 

its  bed. 

The  moment  of  weight  leverage  of  the  wall  must,  for  a 
safe  coefficient  of  stability,  be  equal  to  double  the  momenl 
of  pressure  leverage  of  the  earth  fiU  ;  that  is,  for  a  level  fill 
we  must  at  least  make 

-g—  =  AtWt  tan.  e  cos.  «  «t 

and  for  a  surchai^ed  till, 

—^  =  A^it^  tan.  0  cos*  4»  (rji), 

and  a  like  margin  of  frictional  stability  should  be  sec 
420.  Final  Ke8iiltitut8  in  Revetments,— The  height 

of  tlie  wall  (Fig.  79)  is  the  same,  by  scale,  as  the  wall  in 
Fig.  77,  whose  reactions  to  sustain  the  level  and  surchaiged 
fills  we  have  investigat*^. 

The  back  of  tlie  wall  (FMg.  79)  is  vertical,  and  the  hofP 
zontal  earth-thrusts  against  it  are  as  before  computed — viz*, 
1.45  tons  for  the  level  till,  and  2.03  tons  for  the  surcha 
fill.  Draw  these  horizontal  earth-thnist  resultants  to 
left  from  a  vertical  line  passing  through  the  centre  of  gravit 
of  the  masonry,  in  their  respective  directions  and  at  theif' 
respective  altitudes.  Draw  in  the  vertical  line  the  vertical 
weight  resultant  of  the  masonry  in  PK;  complete  the  paral- 
lelogram PKOx;  then  will  the  diagonal  PO^  rejiresent^  in 
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latitude  and  direction,  the  resultant  effect  of  tlie  level  fill 
LDBJ, 

Draw  the  vertical  weight  resultant  of  masonry^  also,  in 
P^23  and  complete  the  paniUelogram  P^e^Mx^ ;  then  will  the 
diagonal  Pj,M  represent,  in  magnitude  and  direction,  the 
resultant  effect  of  the  siu'chargetl  fill  LDBF. 

The  comparative  thrust  effects  of  the  level  and  sur- 
charged fills  upon  the  masonry  are  shown  by  the  positions 
of  the  respective  final  resultants,  and  the  comparative  re- 
sistances of  the  wall  against  each,  by  tlie  distances  from 
C,  at  which  their  directions  cut  the  plane  CD, 

Fig.  79. 


421.  Table  of  Trapezoidal  Revetments.— The  fol- 
loiiving  table  of  dimensions  of  walls,  to  sustain  eailh,  in 
which  the  sections  are  trapezoidal,  and  face  batters  limited 
to  two  inches  per  foot  ris(:%  is  adapted  for  walls  to  sustain 
gradings  about  pump-liouses,  reservoir-grounds,  etc*,  and 
will  give  approximate  dimensions  for  plotting  trial  sections^ 
when  it  is  desired  to  resolve  the  profile  into  other  forms. 


420  PARTITIONS,   A^'D  RETAINING    WALLS. 

TA  BLE     No.    88, 
Approximate  DTME^^slOH$  of  Walls  to  Sustain  Earth. 

For  gramU  ru&ble  wails^  in  mortar^  of  spedjk  gntptfy  2.25,  ^r  toetgki  140 
per  iuhic  f^t^  t&  ntain  earth  Ind  with  tAr  top  9/  the  wdSf. 


in  feel. 

Top  breadth  of 
wilt,  in  feet 

F»ce  bmtter  of 
wall,  in  i aches 

TUdknesoti 
renScilinmiplif 

per  foot  rise. 

stirlifcc«,  in  teet. 

mU.  in  ted. 

4 

30 

0 

30 

30 

5 

30 

0 

3-0 

30 

6 

30 

0 

30 

30 

7 

30 

0 

3*5 

3  SO 

8 

3"? 

>   ■ 

3  83 

4.00 

9 

3  33 

\\ 

483 

4  »S 

10 

3-33 

li 

5.00 

4S0 

It 

35 

1} 

5*5 

S-oo 

IS 

3-5 

2 

567 

5  5° 

»3 

3-5 

3 

6-33 

5»3 

>4 

35 

a 

7.00 

6..5 

«5 

35 

3 

750 

6-75 

16 

4.0 

2 

8.00 

7-JS 

*7 

4.0 

2 

8.67 

7-7.'» 

ift 

S-o 

2 

9.00 

8.,s 

19 

SO 

2 

9-50 

8. 75 

ao 

S-o 

2 

9.87 

9.00 

91            , 

5.0 

2 

10.50 

9.50 

it 

SO 

3 

LI. 00 

10,25 

ag 

S  0 

3 

^^•U 

10,50 

«4 

5.0 

3 

11.78 

io-75 

( 


It  will  mrely  Ih»  advisable  to  reduce  the  top  thicknesses 
given  in  the  table,  wtli  a  view  only  to  economizing  ma- 
terial  lest  the  top  courses  be  U>o  light  to  withstand  tbe 
variety  of  shocks  to  which  they  will  be  liable,  and  whicJi 
are  not  recognized  in  the  common  formulas. 

Several  eminent  professors  who  have  written  upon  the 
thfX)rr  of  retaining::  walls,  give  formulas  for  determining  their 
proj>ortiou8  ;  but  t^uch  formulas  usually  give  too  small  top 
breadths,  for  practical  adoption,  for  low  walls,  and  objec- 
tionably great  top  breadths  for  high  walls. 
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Each  class  of  wall  has  its  own  most  convenient  top 
breadtli,  which  remains  nearly  constant  through  a  large 
lunge  of  height. 

Common  uncoursed  nibble  walls  of  granite,  laid  dry, 
should  be  increased  from  the  above  dimensions  six  inches 
in  the  top  breadth  and  thirtj-thi'ee  per  cent,  in  the  bottom 
breadth.  K  the  level  earth-filling  behind  the  wall  is  to  be 
loaded,  or  subject  to  traffic,  the  weight  and  leverage  resist- 
ance of  tlie  wall  are  to  be  increased  accord  ingl}^ 

The  thrust  of  tl»e  tilling  material  behind  a  retaining  wall, 
upon  the  WalK  will  be  less(.*nf^d  if  the  filling  next  the  wall 
is  spread  in  tliin  liorizontal  layers  and  well  settled,  instead 
of  being  allowi^  to  slope  against  it,  as  it  falls  at  the  head 
of  a  dump. 

42t2.  Ciined  Fare — Batter  Eiiuatiou, — When  it  is 
desired  to  give  to  the  face  a  curve,  the  back  being  pei'pen- 
dicular,  and  the  top  brt^adth  constant^  the  following  equa- 
tion will  assist  in  determining  ordinates  at  any  given  depths 
for  plotting  a  trial  section* 

Let  b  be  the  assumed  top  breadth,  and  t  the  thickness 
at  any  given  depth  rf,  then 

t^h-^  .075v^.  (27) 

For  illustration,  assume  the  top  breadth  not  less  than 
3.5  feet;  tlien  for  several  given  de{>ths,  from  0.0  to  30  feet, 
we  have  ordinates,  or  tliicknesses,  as  given  in  Table  No,  89. 

Upon  the  curve  tlius  obtained,  steps  may  be  laid  ofll'  with 
either  vertical  or  battered  risers. 

Testa  with  the  equation  for  moment  of  leverage  stability, 
will  det4fmiine  whether  the  risers  may  cut  the  curve,  or  if 
the  inner  angle  of  tread  and  riser  shall  lie  in  the  cuiTe. 

A  aligld  increase  or  reduction  of  the  top  bivadth,  or  of 
the  fractional  multiplier,  will  increase  or  reduce  the  wall- 
section,  as  desired. 
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TABLE     No.    89. 
Thickness  at  Given  Depths  of  a  Curved  Face  Wall. 


Deiths. 

TmcicjtBa;. 

Fut. 

«.) 

.075  v^ 

/W/, 

O 

3-5 

H- 

.0 

=: 

3.5«> 

ft          4 

35 

+ 

.6 

=r 

4.10 

I           ^ 

3-5 

+ 

1. 10 

^r 

4.60 

1           ^ 

3-S 

+ 

1,69 

= 

5-'9 

1         " 

3-5 

+ 

2.57 

= 

5-^7     J 

1 

3-5 

+ 

3'^2 

^ 

6.62     ■ 

1         '5 

35 

+ 

4^36 

^ 

7,86    m 

■             2d 

3-5 

+ 

6.71 

:^z 

10.21 

'      »s 

3-S 

+ 

9'3S 

^^ 

12.8S 

30 

3-S 

+ 

12.32 

=               1 

15-82 

423.  Back  Batters,  ami  their  Equations.— TTheti 

for  pmctical  or  other  reasons  there  is  objection  to  giving  j 
the  batter  to  the  front  of  the  wall,  and  a  portion  of  it 
|>lace<i  upon  the  back,  then  it  is  usually  arranged  in 
series  of  offsets  or  steps  i?/>, ,  Fig.  80. 

In  such  case,  the  weight  of  the  triangle  of  earth  B.D^. 
may  be  assumed  to  be  supported  entirely  by  the  wall,  and 
as  producing  no  lateral  thrust  upon  the  wall.     This  triangle 
increases  the  weight  leverage  of  the  wall,  and  moves  it! 
weight  resultant  farther  back  from  the  toe  C, 

Find  the  eentrt*  of  gravity  of  the  raasoniy%  in  f/y  and  find 
the  centre  of  gravity  of  the  triangle  of  earth,  in  ffj ;  then  ml\ 
the  centre  of  gravity  of  the  two  united  bodies  be  in  O, 

Let  LDiIhe  tlie  natural  frictional  angle  of  the  material* 
Bisect  the  angle  /A  A  by  the  plane  />,/^;  then  we  may 
assume  the  trapezium  D^B^FyF  to  be  that  portion  of  th€ 
*^arth-filling  that,  considered  alone,  will  produce  the  maxi^ 
mum  thrust  effect  upon  the  wall,  and  its  horizontal  and 
leverage  effects  may  be  computed  by  equations  21  and  23. 
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Prof.  Moseley's  equation*  for  the  maximum  pressure  of 
a  surcharge  similar  to  this  is 

P,  =  ^w^  \kiBec<t>-  {hi"  ten«  4>  +  (hWy  (28) 

in  which      Cj  is  the  height  B^. 

Pi     "  maximum  pressure  of  the  earth. 

W2     "  weight  of  one  cubic  foot  of  earth. 

hi     *  vertical  distance  DiCj. 

<f>     "  frictional  angle  of  the  earth. 

424.   Inclination   of  Foundation.— The   frictional 
stability  of  a  wall  upon  its  foundation  is  materially  in- 

*  Mechanics  of  Engineering,  p.  426.    Van  Noetiand,  New  York,  1860. 


creased,  and  its  pressure  is  more  eveidy  distril)uted  upon 
the  foundation  stintum,  if  an  inclination  is  given  to  tlie  bed, 
nearly  at  right  angles  to  the  final  tlirust  resultant,  as  ia^ 
Fig,  80.    Bed-joints  may  often  be  similarly  inclined  with 
advantage. 

A  sliding  motion  in  such  case  involves  the  additioDfll 
work  of  lifting  the  whole  weight  up  the  inclined  plane,       J 

425,  Front  Batters  and  Steps,— Masons  experieDOl^B 
a  very  considerable  difficulty  in  laying  the  fiaee  of  nibble 
walls  with  batters  exceeding  two  inches  to  the  foot,  aD 
often  with  batters  exceeding  one  aiid  one-half  inches  tol 
foot,  uuless  with  stones  fiom  a  quarry  where  the  transver 
cleavage  varies  several  degrees  from  a  perpendicular  i 
the  rift. 

The  difficultj^  is  increased  when  the  bed-joints  of  the ' 
work  are  level  fi*om  front  to  rear,  as  the  workmen  prefer  toj 
make  them. 

It  is  especiallj^  troublesome  to  the  workmen,  and  expen- 
sive as  well,  to  make  face-batters  of  high  walls  conform  to 
the  theoretical  curved  batters  deduced  from  the  logaritlimic 
equations. 

It  is  better,  therefore,  to  transpose  the  curve  into  a  serie 
of  steps  when  its  tangent  inclination  exceeds  two  inches 
the  foot^  in  which  case  the  steps  may  have  equal  heigl 
and  varying  projections,  as  in  Pig.  81,  which  is  a  revetme 
upon  a  navigable  river,  or  may  have  both  varjing  rise  ai 
projection,  with  batter  ujion  the  rise,  as  in  the  weir.  Fig, 

426,  Top  Breadths — The  thickness  at  the  top  of  j 
revetment  should  in  all  cases  be  sufficient^  so  that  its  wei| 
will  be  able  to  resist  the  frost  expansion  thrust  of  the  st 
face  layei-B  of  the  earth.     Sometimes  a  batter  is  given  to  tt 
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and  thus  act  with  less  force  horizontally  against  the  backs 
of  the  eaj>-stones. 

An  inci'easf  d  thickness  at  the  top  of  the  wall,  and  at  aU 
points  of  depth,  is  also  necessary  when  the  filling  is  liable 
to  be  loaded  with  consti'uction  materials,  fuel,  merchandise, 

Fio.  81. 


or  other  weights,  or  if  it  is  to  sustain  traffic  of  any  kind. 
The  additional  weight  may  in  such  case  be  considered 
«xjuivalent  to  a  surcharge  weight,  and  tht^  c»*ntre  of  gravity 
of  the  filling  and  of  the  additional  weiglit  will  be  resolved 
into  their  united  centre  of  gravity  and  the  vertical  resultant 
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be  considered  as  passing  tlirougb  this  new  centre  of  gravity. 
The  new  horizontal  thrust  resultant  will  then  act  upon  the 
wall  at  a  greater  altitude,  and  with  greater  leverage  than 
the  horizontal  resultant  of  tilling  alone  (§  416),  as  has 
been  already  demonstrated. 

In  the  cases  of  discharge  weirs  the  floods  are  considered 
as  surcharge  weights,  and  not  only  the  depth  of  wat#*r 
behind  the  weir  and  upon  its  crest  is  to  be  considered,  but 

Fig.  83, 


fhe  additional  height  to  which  the  velocity  of  approach  of 
the  water  is  due. 

If  there  is  but  one  or  two  feet  depth  of  water  flo^ 
over,  then  the  cap-stones  may  be  subject  to  the  blows 
logs,  cakes  of  ice,  and  such  debris  as  the  floods  gather, 

437*  Wliarf  Walls,— When  a  wail  is  to  be  generally 
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used  for  wharf  purposes,  its  face  sliould  be  protected  by 
fender  piles,  both  for  its  own  advantage  and  that  of  fbe 
Tei0els  that  lie  alongside. 

Fig.  82  iUuBtrates  the  method  of  piling  and  capping, 
adopted  by  the  writer,  in  an  extensive  wharf-pier  of  one- 
half  mile  frontage  in  one  of  the  deep  harbors  upon  the  New 
England  coast     The  caps  are.  in  this  case,  dressed  dimen- 
sion stones,  three  and  one-half  feet  wide  and  one  foot  thick. 
The  wharf  log  is  made  up  of  IT  x  10"  and  12"  x  8"  hard 
pitch  pine,  placed  one  upon  the  other  so  as  to  break  joints, 
and  tre-nailed  together.    The  anchors  of  the  pile-heads  jiass 
through  the  cap-log,  and  their  bolts  pass  through  the  cap- 
stones into  headers  specially  placed  to  receive  them»    Tlie 
piles  are  placed  eight  feet  between  centres,  and  each  fourtli 
pfle  extends  above  the  log  for  a  belay  pDe.      Waling 
pieces  of  6 '  x  12  '  hard  pine  are  fitted  between  the  pile- heads, 
^^ind  spiked  to  the  face  of  the  cap-log  to  confine  the  pile- 
lieads  rigidly  in  place.     Midway  between  the  belay  piles 
-Qje  belay  rings,  whose  bolts  pass  through  the  cap-logs  into 
lieaders,  and  are  also  anchored  by  strajis  to  cap-stones, 

428,  Counter-forted  Walls*— There  is  so  rarely  an 

-^sconomic  advantage  in  counter-forting  a  wall,   except  in 

^liose  c^'ises  of  brick  walls  where  the  counter-fort  may  tnkt^ 

*he  form  of  a  buttress  u{}ou  the  exterior  face,  tiiat  we  Khali 

^mxoi  here  devote  space  to  their  special  theoreti<ml  iiivostiga- 

^on,  which,  by  gra]>lucal  analysis,  is  a  simple  n^ap]ili«:iitifm 

-^f  the  principles  already  laid  down. 

429.  Elements  of  Failure-— In  our  theor*4ic*al  invc^H 
ion  of  the  resistances  of  masonry  to  sliding  or  nvrrtiirn 

ng  we  have  suppos4?d  the  walls  to  be  laid  in  mt>rt/rr  uiid 
Bolid,  and  well  bonded,  so  that  the  mass  was  pnitlicuUy 
one  solid  piece^  considered  as  one  foot  long. 

If  any  given  foot  of  length,  considered  alone  jim  a  imil 
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of  length,  is  found  stable,  and  each  other  foot  is  equal  to  it, 
then  evidently  the  whole  length  will  be  stable. 

The  joints  from  front  to  rear  in  cut  and  tirst-class  rubble 
walls  are  usually  laid  level,  and  the  workmen  intend  to  give 
a  good  bond  of  one  course  upon  another    ^Vhen  consider- 
ing the  levei*age  stability  of  a  high  wall,  at  the  respective 
joints,  working  from  top  downward,  we  usually  ti"eat  the 
joints  as  horizontal  planes.     Let  us  turn  again  to  the  sketch 
of  the  partition  wall,  Fig.  76,  which  1ms  joints  laid  off  upon 
it  showing  an  average  class  of  rubble  work*     Supj>ose  the 
wat**r  to  be  drawn  off  from  the  sitle  Bf\  aiul  the  full  waiter 
upon  the  opposite  side  to  be  freezing,  and  the  ice  exerting  a 
thrust  upon  the  upper  courses  of  the  wall.    We  investigate  ■ 
the  levemge  stabilty  at  the  joint  jf/„  and  find  that  itvrill 
resist  a  considemble  leverage  strain,  wliicli  for  further  ill  us-  m 
tration  we  assume  to  be  amijh\     Examining  critically  the  ™ 
building  of  the  wall,  we  find  tliat  j[/i  is  not  the  real  joint, 
and  j\  the  fulcrum  to  be  considered  in  connection  with 
pressure  uix>n  Bj\  but  in  consequence  of  faulty  workman- j 
ship,  jjij\  is  the  zigzag  joint  and  j\  the  fulcrum,  and  that] 
the  joint,  instead  of  being  liorizontal,  is  an  equivalent  in-] 
clined  plane  on  which  the  wall  is  quite  likely  to  yield  bj 
slipping  slightly  with  each  extra  lateral  strain  put  upon  it. 

If  in  a  high  and  long  wall  such  weaknesses  are  repeats 
several  times,  the  result  will  be  a  bulge  upon  the  face  i 
the  wall,  ordinarily  i-eacliing  its  maximum  at  about  one-1 
third  the  heiglit  of  the  wall,  the  portion  above  that  level 
appearing  to  have  been  moved  bodily  forward,  and  retain- 
ing nearly  its  true  batter,  ^ 

When  walls  are  so  high  as  to  require  a  tliickness  in  a 
considerable  portion  of  their  height  exceeding  seven  or 
eiglit  feet,  careless  wall-layers,  who  are  not  entitled  to  the  J 
honorable  name  mechanic,  often  pile  up  an  outside  and] 
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ingiSe  coiitrp,  and  fill  in  the  middle  with  their  refuse  stone, 
til  us  producing  a  miserable  struct  uiv,  esi>erially  if  it  is  diy 
^  rubble,  tiiat  is  almost  destitute  of  leverage  stability,  uuless 
great  surplus  of  stone  is  put  into  the  wall  sufficient  to 
resist  the  tlirust  of  an  earth-backing  by  compounded  weight 
alone. 

Short  walls  supported  at  each  end  may  by  such  trans- 
verse motiou  l>e  brouglit  iuto  an  arched  form^  concave  to 
the  pressure,  but  at  the  same  time  into  a  state  of  longitudi- 
nal tension  tliat  will  assist  in  preventing  further  motion. 

If  then*  is  the  least  tnmsvei-se  motion  in  a  mortared  wall 

Bustaining  water,  the  masonry  ceases  from  tliat  instant  to 

be  water-tight,  and  if  the  stones  are  in  tlie  leant  disturbed 

on  their  bed  after  their  mortar  has  begun  to  set,  the  wall 

'^rill  never  he  tight 

430.   End  SiipportH. — Well  constructed  sltort  walls, 

^Tippoi'ti:*d  at  eacli  end,  such  as  gate-cluiniberand  wlK'el-i>it 

^viralls,  have  an  appreciable  amount  of  that  transverse  resist- 

^^nce  prominently  I'ecognizi^d  in  a  beam,  which  permits 

^lieir  sections  to  be  reduced,  an  amount  de]>eudent  on  the 

effective  value  of  such  transverse  siippoil.     The  supiiorted 

^^nds  of  long  walls  transmit  the  influence  of  tlie  support  in  h 

clecrf*asing  ratio,  out  to  some  distance  from  the  sup])orts, 

^nd  walls  whose  ends  abut  upon  inclines,  as  in  the  cas<*  of 

8toDe  weirs  across  valleys,  may  be  reduced  in  thicknesa, 

ordinarily,  at  tlie  top  and  tlirough  their  w^hole  lieiglit,  as 

%lie  height  reduces, 

I  431.  Faced,  and  Coiierete  Revet iiieuts. — Walls  on 

fJeep  water-fronts,  as  in  Fig.  81,  for  instance,  when  laid 

^thin  cofferdams,  are  often  faced  with   courstxl  ashler 

liaving  dri'ssed  beds  and  builds,  and  backed  up  \viih  either 

^Tibble-work  laid  in  mortar,  or  with  concrete,  the  headers  of 

the  aahler  being  intended  to  give  the  requisite  bond  between 
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the  two  classes  of  work.    Much  care  must  be  exercised  10 
Buch  composite  work,  lest  the  imeqiial  settlement  of  tiie^ 
diflereut  clatises  of  work  entii'ely  destroy  tlie  effective  kmd , 
between  them  and  thus  lead  to  &ilure* 

Such  walls  have  been  constructed  with  perfect  succesij 
without  coffer-dams,  of  heavy  blocks  of  moulded  heton,  aiid 
also  successfully  by  depositing  conci*ete  in  place  in  the  wall 
under  water,  with  the  assistance  of  a  caisson  mould,  or_ 
flheet*pile  mould,  thus  forming  a  monolithic  revetment. 

Foundations  under  water  to  receive  masonry  stractures 
have  also  been  successfully  placed  by  the  last-mentioned 
system. 

Concrete  structures  under  water  laid  witliout  coffer 
however,  demand  the  exercise  of  a  great  deal  of  good  jndg 
meet,  educated  both  in  theoiy  and  by  practice^  and  admit 
only  of  the  most  faithful  workmanship. 
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CHAPTER   XX. 

MASONRY     CONDUITS. 

43*3.  Protection  of  Cliuiinels  for  Domestic  Water 

Supplies. — The  obsen^atious,  Bound  reasonings,  and  good 
judgments  that  inHnence  municipalities  to  seek  and  secure 
the  most  wliolesome  and  coolest  wat*TS  for  their  domestic 
iisoa,  compel  them  also  to  guai*d  the  purity  and  maintain 
the  equable  temperature  of  tlie  waters  as  they  How  to  the 
point  of  distribution. 

The  larger  cities,  with  few  exceptions,  must  lead  their 
waters  in  artiticial  conduits,  fi*om  sources  in  distant  hillsj 
where  neither  the  soils  nor  atmosphere  are  tainted  by 
decompositions  such  as  are  always  in  progress  in  the  midst 
of  large  conrourses  of  human  lieings  and  animals. 

Such  long  water-courses  ouglit  to  be  paved  or  revetted, 
or  their  currents  will  be  impregnatt*d  with  the  minerals 
over  which  they  flow,  and  will  cut  away  their  banks  where 
the  channels  wind  out  and  in  among  the  hUls.  An  ai*ch  of 
masonry  spanning  from  wall  to  wall  is  then  the  most  sure 
protection  from  inflowing  dminage,  the  api^roach  of  cattle 
and  vennin»  the  ht»ating  action  of  the  summer  sun,  and  the 
grcwth  of  aquatic  plants  in  too  luxuriant  abundance. 

433.  ExaiupleH  of  CinuliiitH.— WhtMi  ]iK>per  grades 
linable  to  permit  the  watei*g  to  flow  with  fn^*  sur- 
such  conduits,  requiring  more  tlian  six  or  eight  square 
feet  sectional  area  are  usually,  and  most  economically,  con- 
f^tructed  of  hydraulic  masonry. 
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Figures  83  to  89  illustrate  some  of  the  forms  adopted  hi 
Aiuerican  masoory  conduits. 

Pig.  87  is  a  section  of  the  Croton  conduit,  at  a  ]x»iut 
where  it  is  raised  upon  eiubaokmeut,  Tliis  conduit  is  T-6'' 
wide  and  8-5^"  high,  and  conveys  from  Croton  River  to  tbe 
distriliuting  reservoir  in  Centml  Park,  New  York  city, 
aliout  one  hundn*d  million  gallons  of  water  daily;  Tlje 
combined  length  of  conduit  and  of  siphons  between  Croton 
Dam  and  Central  Park  is  about  tliirty-eight  miles,  and  they 
were  completed  in  1842, 

Pig.  88  is  a  section  of  the  Washington  conduit,  which  is 
circular^  of  9  feet  internal  diameter*  This  \vm\s  water  from 
a  point  in  the  Potomac  River  about  sixteen  miles  from  the 
capita],  to  a  distributing  ix^servoir  in  Gfeoi^town,  fmm 
whence  the  water  is  It^  to  the  Government  buildings  and 
grounds,  and  throughout  the  City  of  Washington,  in  iron 
pipes.     This  conduit  was  constructed  in  1869, 

Pig,  84  is  a  section  of  the  Brooklj-n,  L.  I,,  conduit  lead- 
ing tlie  waters  of  Jamaica  and  other  ponds  to  the  basin  ad- 
joining the  well  of  tlit^  Ridgewood  pum ping-engines.  Tliis 
conduit  increas<?s  in  dimensions  at  points  where  its  volume 
of  flow  is  augmented  from  8-2 '  wide  to  lO'-O"  wide,  and  to 
a  maximum  height  of  8-8",     It  was  constructed  in  I860, 

Fig.  S6  is  a  section  of  the  Charlestown,  Mass.,  conduit, 
leading  the  water  of  Mystic  Ltike  to  the  well  of  tlie  Mystic 
liumping-station.  This  conduit  is  5-0"  wide  and  6-8"  fnVdi. 
and  was  constructed  in  1864. 

Pig.  85  is  a  section  of  the  Lowell,  Mass,,  conduit^  of 
4-3"  diameter.  Tliis  leads  water  fiom  a  subterninean 
inliltmrion  gallery  along  the  margin  of  the  Merrimack 
River,  a  short  distance  above  Lowell,  a  portion  of  the  dis- 
tance to  the  pumping-station.    It  was  constructed  in  1872. 

Fig.  89  is  a  section  of  the  second  Chicago  tunnel,  extenc 
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under  Lake  Michigan  two  mDes  from  the  shore  to  the 
lake  crib,  and  underneath  the  city  to  the  side  opi)tJsite  to 
the  shore  of  tlie  lake.  It  is  7 -0 '  wide  and  7-2  iiigh  in  the 
clear.  The  masonry  of  this  tunnel  consists  of  three  rings  of 
brickwork,  the  two  inner  of  which  have  the  sides  of  their 
bricks  in  radial  lines,  and  the  outer  having  its  sides  of 
brick  at  right  angles  to  radial  Hues.  This  tunnel  was  com- 
pleted in  1874, 

Pig.  83  is  a  section  of  the  Boston  conduit,  commenced  in 
1875,  to  lead  an  additional  supply-  from  Sudbury  Eiver  to 
the  Chestnut  llill  ivser^'oir.  Its  length  is  sixteen  and  one- 
half  miles,  its  width  9-0 ',  and  height  7-8'. 

The  new  Baltimore  conduit,  as  in  progress  in  1876,  is  to 
he  36,495  feet  in  lengtli,  entirely  in  tunnel,  extending  from 
Gunpowder  River  to  the  rt^ceiving  reseiToir.  The  portions 
lined  with  masonry  are  circular  in  sr^ction.  of  12  fef*t  clear 
diameter.  The  incUnation  is  1  in  50<)0,  and  the  anticipated 
capacity  about  170,000,rxiO  gallons  per  24  hours. 

The  Cochituate  conduit  of  tht;  Boston  water  supply  is 
a  feet  wide,  6-4"  high,  of  oviform  section,  and  Itas  an  incli- 
nation of  3^  inches  to  tlie  mihi.  Its  capacity  is  16,5(H),0(in 
gallons  per  24  hours. 

4;$4.  Foitiiiliifii>iis  of  Coiifhiit».— The  foundations  of 
masonry  conduits  must  be  positively  rigid,  since  the  super- 
structures are  practically  inelastic,  and  any  movenn^nt  is 
certain  to  produce  rupture.  A  crack  bc^ow  the  water-lint* 
admits  water  into  the  foundation,  and  tends  to  soften  or 
undermine  tin*  foundatioUj  and  to  further  settlement,  and 
to  additional  leakage.  So  long  as  the  foundation  yields, 
the  conduit  cannot  be  maintaine<l  water-tight,  for  the  s«:*t- 
tling  away  of  the  support  at  any  point  results  in  an  ur.dne 
transverse  strain  upon  the  shell,  and  the  adhesion  of  the 
mortar  to  the  masonry  is  overcome  and  the  work  cracks. 
28 
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435.  Coucluit  Shells.  ^  A  i^erfect  shell  should  have 
considerable  tensile  strength  in  the  direction  of  its  circimi- 
ference  ;  but  when  a  longitudinal  crack  is  produced  its 
tensile  strength  is  destroyed  at  tlmt  point,  and  cannot  again 
be  fully  restored  except  by  rebuilding. 

When  the  side  walls  are  of  rubble  masoniy  they  are 
usually  lined  with  a  coui-se  of  brick-work  laid  in  mortar*  or 
with  a  smooth  coat  of  hydraulic  cement  mortar.  The  bot 
toms  are  frequently  lined  with  a  nearly  Hat  invert  arch  of 
brick. 

All  the  materials  and  workmanship  entering  into  thifi^ 
class  of  structures  should  be  of  sii])erior  qualify. 

436.  Ventilation  of  Coutlnits.— Conduits  of  fomi  and 
eonstructiou  similar  to  those  above  fllusti*ated  are  usualljB| 
proportioned  so  that  they  are  capable  of  delivering  the  max- 
imum volume  of  w^ater  required  when  flowing  about  two- 
thirds  lull.     Provision  is  then  made  for  the  free  circulatio'^ 
of  a  stratum  of  air  over  the  water  surfia^e  and  beneath  tl^® 
covering  arch. 


4 


437.  Coiiiltiits  under  ProRsnre.— Pig.  92  illtistrates  a 
conduit  of  locked  bricks,  designc^d  by  the  writer  to  convey 
"ftoter  under  pressure.  The  specially  moulded  l)rick8  are 
eight  inches  long  and  eight  inches  wide  and  two  and  one- 
half  inches  thick*  They  have  upon  one  side  a  mortise  six 
inches  long,  four  and  one-quarter  inches  wide*  and  onehalf 
inch  deep,  and  upon  the  opposite  side  two  tenons,  each 
matchiug  in  form  a  half  mortise.    When  the  bricks  are  hiid 
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io  the  shell  the  tenons  at  tbn  adjoining  ends  of  two  hricks 
fill  the  naortise  in  the  brick  over  which  the  joint  breaks. 

In  brick  conduits  as  usually  constructed  the  bricks  hav^ 
their  greatest  length  in  a  longitudinal  direction,  but  here  tb^ 
length  is  in  cin^uml'erential  direction.    The  object  here  is  tcr^i 
utilize  to  the  fullest  extent  the  tensile  bonding  Btrength  ol 
the  masonry,  and  then  to  reinforce  this  strength  by  inter' — ^ 
locking  the  bricks  themselves-    The  conduit  cannot  be  m 
tared  by  pressure  of  water  vrithout  shearing  off  numeroi 
tenons  in  addition  to  overcoming  the  cohesive  strength 
the  masonry. 

This  syst4:'m  permits  of  vertical  undulations  in  the  grad 
of  the  conduit  withm  moderate  limits,  and  reduces  ma 
rially  the  amount  of  lift  of  the  conduit  required  upon  em 
baiiknients. 

Upon  long  conduits  it  permits  the  insertion  of  stop-ga 
and  tlie  examination  and  repair  of  any  one  section  whil 
the  other  sections  remain  fuO  of  water.  Also  when  o; 
a  given  sectional  area  and  flowing  full,  and  deliverinj 
to  a  pumi>well  or  directly  into  distribution-pipes  a  giveiz::^^* 
volume  of  water,  it  transfers  more  of  the  pressure  du^^^^ 
to  tlie  head  than  the  usual  form  of  construction  of  lik^^^® 
sectional  area,  and  thus  reduces  the  lift  of  the  pump  oi^c:**'^ 
increases  the  head  upon  the  distribution.  This  is  moitH^^^ 
especially  the  case  when  the  consumption  is  less  than  th< 
maximum. 

438.  Protection  from  Frost.— The  masonry  of  con-^ 
duits  must  be  fully  protected  from  frosty  or  its  cement 
mortar  will  be  seriously  disintegrated  by  the  freezing  and 
expansion  of  the  water  lilling  its  pores.  The  frost  coverings 
are  usually  earthen  embankments,  of  height  above  the  top 
of  the  masonry  equal  to  the  greatest  depth  to  which  frost 
penetrates  in  the  given  locality.    The  level  breadth  of  the 
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or  the  embankment  should  equal  the  breadth  of  the 
^ndoit,  aud  the  side  8loj>es  be  not  less  than  1.^  to  1. 
j  4;}9.  Jlusoiiry  to  be  Sell-8iiKtciiiiiii|^.— When  the 
conduit  is  in  part  or  w  hoOy  above  ground  siirtace,  its  ma- 
©onry  should  be  sell*-sustaining  under  the  maxinjum  prea- 
HPTC,  independent  of  any  suj>port  that  may  l>e  expected 
fSrom  the  embanked  eaillu  The  winds  of  winter  generally 
clear  the  embankments  very  eflectually  of  theh*  snow  c<jver- 
iugfl,  and  leave  them  exposed  to  the  most  intense  action 
of  firost 

In  periods  of  most  excessive  cold  weather  the  entire  em- 
bankment may  be  frozt^'n  into  a  solid  arcli,  and  by  exjjan- 
^ion  rise  appreciably  clear  of  tlie  masonry,  and  possibly 
exert  some  adhesive  pull  upon  the  hanc^s  of  the  arch.  If 
the  conduit  is  tlien  under  full  pressure,  and  not  wholly 
independent  of  earth  support,  a  change  of  form,  and  rup- 
ture of  the  arch  may  result. 

Each  quadi-ant  of  the  covering  arch,  above  its  springing 
line,  exerts  a  horizontal  thrust  at  the  springing  line  as  indi- 
cated in  Fig.  92  by  the  shorter  arrow,  and  the  water  pres- 
sure exerts  an  additional  horizontal  thrust,  as  indicated  by 
the  lower  arrow  in  Pig*  92,  When  the  conduit  is  just  even 
full,  the  point  of  mean  intensity  of  this  latter  pressure  is  at 
one-tlurd  the  height  from  the  bottom  of  the  conduit. 

The  amount  of  horizontal  pressure  upon  each  side  in 
each  unit  of  length  is  equal  to  the  vertical  x^rojection  of  the 
submerged  portion  of  that  side,  y^r  unit  of  length  into 
the  vertical  deptli  from  free  water  surface,  of  the  centre  of 
gravity  of  the  submerged  surface,  into  the  weight  of  one 
cubic  foot  of  water ;  the  depths  being  in  feet,  and  weight 
and  pn*8sure  in  pounds. 

The  product  of  weiglit  of  backing  masonry  at  any  given 
depth  below  the  crown  of  the  arch  into  its  coefficient  of 
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friction,  should  be  greater  than  tlie  sum  of  thrusts  at  tliat 
deptli,  and  for  a  safe  tiiargin  to  iiisure  frictioual  stability 
should  be  e*|ital  to  double  the  gum  of  thrusts. 

The  backing  masonry  is  liable  to  receire  some  pull  from 

the    embankment,    if  one 
Fio.  n,  side  of   tlie    embankment 

settles  or  slides,  but  if  the 
foundations  of  the  sides  of 
the  embaukmenta  are  rea- 
sonably firm,  the  earth  at 
the  sides  of  the  backings 
may  be  assumed  capable 
of  neutralizing  the  thruste 
due  to  the  weight  of  cover- 
ing earth  upon  tlie  hanci' 
of  the  arch. 
440*  A  Coiici-ete  Conduit* — ^Tlie  use  of  hydraulic 
concrete,  or  beton^  is  at  present  bemg  more  generally  int 
duced  into  American  hydraulic  constructions,  in  the 
localities  when*  good  quarried  stones  ai-e  not  readily  and 
clieaply  accessible*  than  has  bi*en  i^ractieed  in  years  past. 
Fig.  93  is  introduced  hen*  as  a  matt*:r  of  esjiecial  interet 
since  it  illustrates  tlie  form  of  a  conduit  constructed  entirely 
of  beton,  in  the  new  Vanne  water  supply  for  the  citj  of 
Paris,     This  conduit  is  two  meters  (6.56  feet)  in  diameter. 

The  betofi  arfgloTnere  of  this  conduit  is  a  verj'  superior 
quality  of  hydraulic  concrete,  which  has  re^sulted  from  the^ 
exi>eriments  and  n^searches  of  M.  Francois  Coignet,  of  Paris 
Gen.  Q.  A,  Gill  more  has  described*  in  Professional 
Papers,  Corps  of  Engineers,  U.  S.  Army,  No,  19,  the  mate- 
rials, compositions,  mampulatiuns,  and  properties  of 


•  He|>ort  cm  Boton  A^lomfjTOt  or  Coij^'-net  Betoii     Waeliiiigtoo,  187 
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beton  in  a  masterly  manner,  and  has  given  st»veml  plates 
illustiuting  some  of  the  magnificent  monolitliic  aqucductH 
of  conci"ete,  spanning  valleys  and  quicksands,  in  the  gnmt 
forest  of  Fuiitainebleau,  on  tiie  line  of  tlie  Vanne  comlnit^ 
"between  La  \'aune  River  and  tiie  city  of  Paris, 

441.  Exaiiiiilo  of  Coiidiilt  iiinler  Ii€Mi\^^  Frc*«siiro. 
— The  details  of  the  Penstock,  leading  water  from  the  canal 
abore  referred  to  {§  382),  to  the  Manchester,  N.  H.j  turbines 
and  pnmps,  are  shown  In  Fig.  94, 

Tliis  penstock  is  six  Iniirdred  feet  hmg,  and  six  feet  clear  ' 
internal  diameter.  Its  axis  at  the  npi>er  end  is  nnder 
twelve  feet  head  of  water,  and  at  the  lower  end  under  thirty- 
eight  feet  head  of  water.  It  was  constructedj  iji  place,  in  a 
trench  averaging  thirteen  feet  deep.  The  staves,  wliich  are 
of  sonthem  ]>itcli-pine,  4  inches  thick,  wer<^  macliine^ress*^ 
to  radial  lines,  and  laid  so  that  eacli  stave  breaks  joint  at  its 
end  at  a  distance  from  the  ends  of  tlie  adjoining  staves,  after 
the  usual  manner  of  laying  long  tioors.  The  end-joints 
wbere  each  two  staves  abut  are  closed  by  a  platt^  of  Hat 
ITOO,  one  incli  wide,  h-t  into  saw-kerfs  cut  in  the  ends  of  tJie 
Btavea  at  right  angles  to  mdius.  Thus  a  continutais  cylin- 
der is  formed,  except  at  the  two  points  where  changes  of 
grade  occur.  The  hoops  are  of  2.J  x  J-inch  itilled  iron,  each 
made  in  two  sections  with  clamping  bolt^,  and  they  are 
placed  at  average  distances  of  eighteen  inches  between 
centres. 

Its  capacity  of  delivery  is  sixtyfive  million  gallons  in 
twenty-four  hours,  with  velocity  of  flow  not  exceeding  four 
feet  per  second.*  It  was  completed  in  the  spring  of  1874, 
and  has  since  been  in  successful  use,  r<^]niring  no  repairs. 
It  lies  in  a  ground  naturally  moist,  and  sufficiently  satu- 

*  This  penetoek  \b  mote  tuUw  demcnbed  in  m  paper  read  before  the  Ameil- 
cu  Sodctf  of  Civil  £ogij)«!eni  in  Jmaoarj*  18T7.     Vitk  Tmn«.,  Marcti.  1877. 
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rated  to  folly  protect  the  wood-work  from  the  atmospheric 
gases. 

The  city  of  Toronto,  Canada,  has  just  completed  a  con- 
duit of  wood,  wliich  conveys  water  under  pjws^nre  from  tlie 
filtering  gallery  on  an  island  in  Lake  Ontario,  opposite  to 
the  city,  about  7,0O(}  feet^  to  the  pumping-station  on  the 
main  land.     The  internal  dianiett^r  of  this  conduit  is  4  feet* 

44'J.  Mean  Kadii  of  Condiiit^.— In  tlie  i'urnuila  of 

flow  for  open  canals  (§:i2:i),  the  intiuence  of  the  air  pe- 

rim:?ter  is  taken  into  consideration  in  establishing  the  value 

.  ..      ,     ,       J,  J    .-,  sectional  area,  8        -,  ^ 

of  the  hi/dranhc  mean  depths  r  =  —        — — j^ — ,  and  a 

fractional  portion  of  the  air  perimeter,  equal  to  its  propor- 
tional resistance,  is  added  to  the  solid  wet  perimeter. 

It  is  more  especially  necessary  that  the  resistance  of  the 
air  perimeter  be  recognized  in  conduits  partially  fulL  As 
the  depth  of  water  inrreases  above  half-d^pth,  th*>  influence 
of  the  contined  air  station  is,  apparently,  invei*sely  as  the 
mean  hydraulic  radius  of  the  stream. 

If  we  compute,  for  circular  conduits,  values  of  r,  ae  equal 

to 7 — fT^ — —^ — 7 — ,  we  have  at  o  depth,  r^Qd\  at  one- 
wet  solid  penmeter  * 

fourth  depth,  r  =  A4734d ;  at  one-half  depth,  r  =  Md ;  at 

three-fourths  depth,  r  —  .SOl^dd ;  and  at  full  depth,  r  =  ,25d. 

This  series  gives  a  maximum  value  of  rat  about  t^ght-tenths 

depth  and  a  decrease  in  its  value  from  thence  to  full. 

The  relative  discharging  powers,  in  volume,  of  a  eircuLir 

conduit^  with  diffen^nt  deptlis  of  water,  are  as  the  product 

^  \/  -i  when  S  is  the  sectional  area  of  the  stream  ;  r,  tlie 

mean  hydraulic  radius ;  and  w,  a  coefficient 

If  for  a  given  series  of  depthvS,  in  tlie  same  condiut,  we 
compute  its  series  of  volumes  cf  discharge,  neglecting  the 
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infiiiefiee  of  tlie  air  perinrten  we  armre  at  the  paradoxical 
FBSiilt  tiiftl  wiiefi  the  depth  is  eigbty-eight  hundredths  of 
fliD  tiie  Tolmne  flawing  is  ten  per  cent  gn^ter  than  when 
the  eoodiut  is  falL  Hus  theoi^cal  resmlt  has  misled  se?- 
eral  hydnnliciaas  who  hare  written  npon  the  subject. 

With  a  true  ralue  of  r,  the  discharge  has  some  ratio  of 
increase  so  long  as  eectJODal  area  of  column  of  water  in  a. 
ciicolar  conduit  tocieaaes ;  but  the  maximum  capacity  of 
dischaige  of  a  conduit  is  Teiy  neariy  reached  when  it 
eighths  fun. 

TABLE     No,    90. 

Hybrauuc  Meax  RAi>ti  roR  CmcuLAK  Conduits,  Pakt  Full. 

BAxm  or  Fru.  Osmi, 

BvBAftVUC  Mmm:^  RjuDti,  w  Ratio  of  Umurrmx, 
m  i  ^o^\  ,tv>\  .fiH  ^Tsf]  .aeof  ,«3S  I  -»5»   ^^^  ^»7>'  -*75**-«7«l  -"TTI  .»73t  -»T«»!  -"^Sl  -**»t  -^ 


443^  Formnlas  of  Flow,  for  Coiicliiits,— Rankiner^  * 

formula*  for  loes  of  head  in  an  open  conduit  is, 

ml      ti^ 


r  = 


r       2y' 


{^) 


>m   which,  by  transposition,  we  have  the  equation 
relocitjr. 

For  value  of  the  coefficient  m  he  adopta  Weisbach's  fos 
lula,  viz.: 


m  -  .0074  + 


.00023 


•  Civil  Engineering,  p.  678.    London,  1872L 
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This  formula  for  m  pves  a  constant  value  to  ???,  while  v 
remains  constant,  even  though  r  varies.  Experiment  shows 
that  the  variable  r  exerts  a  very  appreciable  influence  upon 
the  value  of  the  coefficient  m^  when 


7f^  "=■ 


Ugri 


(3) 


It  is  unfortunate  that  data  for  the  construction  of  a  table 
of  m  for  conduits,  not  under  pressure,  is  so  scanty.  Tlieir 
values  for  brick  conduits,  or  briclt  linings  for  a  given  series 
of  r,  evidenly  lie  somewhere  between  the  values  of  in  for 
smooth  pipes  under  pressui"e,  and  the  values  of  m  for 
straight  open  channels  in  earth. 

The  following  column  of  values  for  the  given  series  of  r 
are  suggested  merely  as  appr<L\iniate  mean  values  for 
smooth  conduits  three-quarters  full,  and  are  placed  l>etween 
columns  of  values  of  m  for  smooth  pi i>es  under  pressure, 
and  for  straight  open  cliannels  in  earth  for  convenience  of 
leady  comparison. 

They  are  applicable  to  the  formulas,  for  conduits : 


-m? 


(4), 


A"  = 


i  = 


in  which 

V  =  velocity  of  flow,  in  feet  per  second. 
r  =  hydraulic  mean  radius. 
i  =  sine  of  inclination  of  water  surface. 
k"  =  vertical  head  lost  in  given  length,  in  feet 
I  =  given  length,  in  feet. 
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TABLE    No.    90a. 
Coefficients  for  Smooth  Conduits,  Three-Quarters  Full* 

(For  a  mean  velocity  of  about  2.5  feet  per  second,) 


Hydrmulic  mean  rmdii 
rinfeet. 

Coefficient  m  for 

smooth  pipes,  under 

pressure. 

Coefficient  m  for 
smooth  conduits, 

Coefficient  m  for  opcQ 
channeb  in  eutST^ 

I 

.00380 
.00342 

.0100 
.0084 

.0298 
.0260 

1-75 

2 

.00325 
.00300 
.00281 

.0071 
.0063 
.0057 

•0234 
.0212 
.0197 

2.25 
2.50 
2.75 
3 

.0027 
.0026 

•0053 
.0050 
.0048 
.0046 

.0183 
.0172 
.0161 
•0153 

325 

.0045 

.0145 

3-50 

.0044 

.0138 

3-75 

.0042 

.0132 

4 

.0040 

.0127 

A  mean  velocity  of  flow  of  about  two  and  one-half  feet 
per  second  is  usually  preferred  in  smooth  conduits  and 
supply  mains,  when  local  circumstances  permit  the  inclina- 
tion and  sectional  area  to  be  adapted  to  this  end.  Less 
velocities,  in  conduits  of  three  feet  or  more  diameter,  per- 
mits the  waters  to  deposit  the  sediments  they  have  in  sus- 
pension. 

444.  Table  of  Conduit  Data.— The  following  table 
gives  such  data  as  is  at  present  obtainable  respecting  some 
of  the  well-known  conduits  of  masonry  : 
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TABLE     No.    01. 
Conduit  Data, 


I 


LOCALITV, 


CachUumfc.  Boston  ... 
Crotoo,  New  York  ».,. 
Washington  Aq,»  O.  C. 

nro.klyn.  L.  I... 

Sudbury,  Boston .   , 

B^iltimorc. .  * . , 

Loch  KAti1ne«  Gltt^furow 
Cftiml  o1  [MiKl  11,  Madrid 

Vienna , 

V»nne,  Paris 

Dhois,        '• 

I'oot  du  Ganl  Nimes... 
Pont  I'yiAf  Lyoti!!. ,...., 

UcU 

ArctteJt .   .     ,...   

Rdqucncourt.  Versaillea 

"*     ate,  Naploi 

Kpellier .. 


5 

9 


19 

3  3 
4.0D 

«'833 
3.167 


19*5 


Ff€i. 

*  313 
«45B 

667 

7<i67 

i: 

8 

6.0 
6.6 
35 


•SB 

3.465 

S.oo    a 

5-3      * 

la.oo  3 
6.8s 


3  333 

;i-S33 
.  a  167 


,«S8J 


4»7 

3+»5 

«735 

5»4 

458M 

0000 

5*53 


per 
sec. 


.OOQ9t 

.00015 

OOQt 
.OOCr» 

,opoa 

.0001578 

.000435 

.OCIOI 

.ooot 
.0004 
.00166 

.0004 

,0003 


3.0*9 
1.7136 


a.783 


t.333 
«7ifi 


.0015a 

00505 
oo<H5 
<»34S 

03876 


D»ily  de- 
livery at 
J;  i  veil 


CO^OOO.ClCO 


Total 

dally 

capacity. 


170,0 
600 


5*ta 


From  data  of  flow*  in  tlie  Sudbury  Conduit  of  the  Boston 
water  works  (Pig.  83,  p.  431)  tlie  following  table  of  values  of 
m  for  a  series  of  r  has  be*^ii  computed,  in  which 

7n  —  i2gri)'i'7y=2ff'^C\  and  C=  V'ig^m. 


e-9   I    0.3   I    0.4 
m\  00690! -00587  .<MS3j  '*^y7 
^{    96. 3I  104.7,  1^09.9;   *U-^ 


TABLE     No.    91a. 

0.5    I    0,1^    I    0.7   I    0.8   I    0.9  I    t^o   I     IM    I    1.3   J    *  3   I    >-4 
.00471  ,  00451  ,004  js  .<»42i  .00416'  ,003199  .oo'^g^Loo^Sa  .00375.00^ 
116.91  ii9'4<  "i-7l  >33.6]  125.41  137.0;  tvS.sl  ia9.8[  i^i.ij  i^,m 


rl   1.5  I    ''^   I    *'7   I    '  ^   f    '  '9   I    '-^  I    '■'   I    ***   I    ^-3   I    '•4   I    "'5 
Wijx»f6a  00357I  ■oojSJ'i  •«>347    <»34»    «>3J9l  .«>336  .««33»    <»330  .oojsB  .003*7 
<^\  »33  3!  t34  4I   135  3I   U*"^!   »37  i|   »37  »i   »3«sl   «39  »l   »39  6f  14«  ©!  140.4 


a, 6   I    9,7  I    mM 
00396   003*5  -<»3af  ^ 
140  61  140  B|  141,0  ' 


These  coefficients  for  the  given  values  of  r  ma}^  be  used 

in  the  formulas  for  velocity,  ?i=\/ —  x  iV/,  and  r=(7l  ri. 

Resident  engineer  Fteley  found  v  =  127  r**^'/*  to  reprB- 

I4|ilit  w'ell  tJie  results  of  exi>eriiui'nt5  up  to  the  value  1.6 

"fcrr.     He  found  also  tliat  a  liquid  cement  wasli  on  the 

interior  of  tlie  brick  conduit  increased  the  How  about  two 

per  cent,,  whih:!  in  the  unlined  mck  tunnel  of  siiuilar  section 

the  tlnw  decrcasfMl  about  foTty  i>er  cent. 

The  low  vabies  of  m  are  an  indication  that  the  short 
section  of  conduit  in  w  liich  the  experiments  were  conducted 
was  very  smooth. 

•  Dwicriptive  Report  of  Additional  Supply  nf  Water  to  Boston,  from  Sud- 
Imjy  River,  by  Alphonse  Fteley,  resident  Engineer.— Boaton,  1B82. 


CHAPTER    XXI. 

MAIXS    AND   DlSTEIBmoX    PIPESw 


445.  Static  Pressures  in  Pipes, — Passiiig  from  th^ 
oansideratioii  of  masonry  conduits  to  that  of  pipes  with" 
kmgh  metal  shells,  the  pressure  strains  and  the  rapabilitie 
of  tesistanoe  of  the  pipe  metals  to  these  strains,  first  de 
mands  our  attention. 

The  theoretical  relations  of  thickness  to  pressure  are 

simple  that  we  may  easily  adapt  any  tough  metal  pipe  tc 

withstand  any  practical  static  head  pivssure,  however  greatJ 

By  the  term  sfaite  pressure^  we  indicate  the  fall  pressure  ^ 

due  to  the  head  of  water,  while  standing  at  rest. 

Tlie  unit  of  pressure  area  is  commouly  taken  as  onel 
squai^^  inch,  and  tliis  is  the  area  used 
herein  for  the  unit 

The  pressure  p  upon  the  unit  of 
area  ^i  of  a  conduit  or  water-pipe^ 
equal  to  the  product  of  the  given  area 
into  tiie  vi»rtical  height  h  of  tlie  surface 
of  water  above  the  centre  of  gravity  ofl 
the  given  area,  into  tlie  weight  w  of 
one  cubic  foot  of  water  (—  62,5  lbs.) 
divided  bv  144. 


Fio.  05. 


flti  X  //  X  w         .^., 


(11 


Let  ahce/y  Fig.  95,  be  the  internal  circumference  of 
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water-pipe,  of  diameter  d^  in  inches ;  then  the  total  pressure 
P  of  water  upon  the  circumfertince  is 

P  ^  3A4Wd  X  ,434A.  (2) 

The  maximiim  pressure  acts  upon  each  point  of  the  cir- 
cumference radiaUy  outward,  tending  to  tear  the  shell 
asunder. 

The  resultant  of  the  maximum  pressure  upon  any  given 
portion  of  the  circumference  ab^  acts  in  a  radial  din^'ction 
aa?,  through  tlie  centre  of  gi^avity  of  the  surface  ai,  and  is 
equal  to  the  product  of  pR^ssure  intn  the  projection  or  trace 
of  the  surface  y ,  at  right-angles  to  radius, 

==  \  (area  y)  x  p\. 

Also  the  resultant  of  the  maximum  pressure  upon  the' 

semi-circumference  ebfif  is  equal  to  the  product  of  pressun^ 

into  its  tra(^  ffA\  at  right-angles  to  the  radial  line  cutting  its 

_oentre  of  gravity, 

=  [(area  ffJc)  x  p\. 

The  trace  of  the  semi-circumference  is  also  equal  to  the 
diameter  c/,  and  its  resultant  equals  the  xirodnct  dp. 

Opposed  to  the  resultant  ox  is  an  equal  resultant  of  the 
pressure  upon  the  semi-circurafei-enceyc^c. 

These  two  resultants  exert  their  maximum  tensile  sti*ain 
upon  the  pipe-shell  at  the  points  c  and/. 

446,  TliiekiiesH  of  Shell  i-esiHtiiig:  Static  Presniire. 
— Let  -V  be  the  cohesive  strength  or  ultimate  tenacity  jjer 
^  fq.  in.  of  the  metal  of  the  shell,  and  t  he  the  thickness  cc,  and 
j^i  in  inches  of  the  shell,  then  we  have  for  equation  of  resist- 
ance of  shell  that  vnlljust  halance  the  steady  static  pressure, 

2t8  =  dp.  (3) 

from  which  we  deduce  the  required  thickness  of  shell : 


4& 
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to  mMdk  r  equals  ndius  in  incbesi  =  ^« 

It  is  ttol  0Mi|gk  tint  tilt  shell  be  aUe  to  just  sustain  the 
iin^T  sudr  pMsswiw  mmm  this  preasura  may  be  increastHl 
hy  *^  iMfer-niJU,"^  ineidi^t  to  ofdiz^irj  or  extraordinary 


of  the  pipe}  or  the  metil  maj  have  unseen  weaknesses, 
or  dfteriomie  bj  use. 

ekM6B  I  should  thwefore  be  mnltiplied  by 
Ibr  mfety^cqval  to  4, 8.  8«  or  10 ;  or  Uie  pressu 

kbe  assQined  to  be  iacveasiNl  4,  ft,  8,  or  10  times,  or  th^ 
t»aa^^  of  the  metal  be  taken  at  ,1,  ,2, .»,  or  .4  of  its  fc 
Tslue ;  in  which  ca^  the  equatioii  of  t  may  take  the  form. 


'-r- 


or 


AS 


{s: 


If  ^  in  the  CM^lor  of  safety,  then 

t^^xF     and      F^ 


Sf 


S  pr 

Thb  fhetor  will  vary  niih  the  conditions  of  use  and 
maiertiil^^  a$  in  water  pipes^  inclosed  stand-pipes,  tented 
|)enstoeksL  or  boilers^  and  must  include  weaknesses  due  to 
mannfarturB,  a»  in  riTei«d  joints,  etc.  Vide  r/wfa.  Chap. 
XXV, 

The  pressure  due  to  a  given  h«?ad  H  of  water  is  greater 
within  a  pipe  when  the  water  is  at  rest^  ttian  when  the  cur- 
rent is  flowing  through  the  pipe  at  a  steady  rate^  for  when 
the  current  is  moving,  a  portion  of  the  force  of  gravity  is 
consnmetl  in  pnjducin^  that  motion,  and  in  balancing  fric* 
ttons* 

When  a  pipe  baa  a  stop-v3ilve  at  its  outflow,  or  in  its 
line,  the  pressure  p,  used  in  its  formula  of  thickness  /,  for 


J 
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any  point  above  the  valve,  should  be  the  static  pressure  of 
the  water  at  rest. 

44**  Wat€!r-ram,"-If  any  valve  in  a  line  or  system  of 
water-pipes  can  be  suddenly  closed  while  the  water  is  flow- 
ing freely  under  pressure,  such  sudden  closing  of  the  valve 
will  produce  a  strain  upon  the  pipes  far  greater  than  that 
due  to  the  static  h(»ad  of  water,  and  in  addition  thereto. 

For  illustration,  let  th(»  diaoieter,  di  -  1  ft.,  length,  /  = 
5280  ft.,  and  velocity  of  flow,  v  —  5  U.  per  second.  Tlien 
the  accntuulated  energy,  3/,  in  the  column  of  water,  due  to 
its  weight,  Wi  ( =  62.5  lbs.),  and  velocitj^,  is 

M=  (.7854  di"  X  Wx  x  Z)  x  ^^  =  ^  =  1(«>614.45  ft.  lbs. 

W=  259182  lbs.  and  the  equivalent  head  h  =  ,3882  foot,  A 
body  falling  freely  through  .3882  foot  height  would  consutne 
fh/ie  equal  to  {2h  ^  v),  or  (r  -^  g)  =  ,15524  st*cond*  31  is 
therefore  equivalent  to  a  pressing  force  of  .15524  W  ^ 
40345,78  lbs.  acting  one  second  through  five  feet  with  a 
m^Lii  velocity  of  two  and  <me-!ialf  feet* 

Since  the  nn*a  of  the  valve  in  stpiare  inches  is  JS54d'i'  x 
144,  the  pressure  />,  in  lbs.  per  squai'e  inch  on  valve  and 
adjacent  pip?  wall  is,  when  the  column  is  uniformly  checked, 
4t>245.78  lbs.-^(.7854<fr  x  144)  =  365  lbs.,  and  increased  if  the 
checking  is  not  uniform. 
_        Wv-T-ff 


Pi  = 


;7864f/a»  x  144 


for  a  minimum  uniform  strain  of 


ram,  and  the  equivalent  static  liead  in  feet  =  ^, -=- .433, 
Accumulations  of  air  in  the  pipe  summits  will  help  to 
ousliion  the  force  of  ram  and  modify  the  strain  behind  them. 

No  system  of  distributio!i-pipps  slionld  be  fitted  with 
stop-valves  of  rapid  action,  lest  the  pipes  be  constantly 
in  danger  of  destniction  by  ^^  water-rains.^^ 

Geuieys  made  allowance,  in  the  old  water-pipes  of  Paris, 
for  water-rams,  of  force  equal  to  static  heads  of  6<mj  feet^ 
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bnt  he  used  on  his  smaller  mainB  plug*ralves  that  mightl 
very  rapidly  elosed. 

With  projier  stop  .and.  hydrant  valves,  it  is  not  probable 
that  the  momentnm  strain  will  exceed  that  due  to  a  steady 
static  head  of  200  or  235  feet,  but  it  is  liable  to  be  great  in 
pipes  under  low  static  heads  as  weD  as  in  pipes  under  great 
lieads,  and  it  is  in  either  case  in  addition  to  the  static  head. 
The  momentum  strain  must  be  fully  allowed  for,  whether^ 
the  head  be  ten  feet  or  three  hundred  feet 

448,  FonmiUi8  of  Thickness  for  Ductile  Pipes,- 
Ordinarily,  for  ductile  pipes,  such  as  lead,  brass,  welded! 
iron,  etc.,  au  allowance  of  from  200  to  300  feet  head  is  niadej 
for  the  momentum  strain,  and  the  tenacity  of  the  materiall 
is  taken  at  .25  or  .3  of  its  ultimate  resistance  8,  in  which 
case  the  formida  for  thickness  of  ductile  pipes^  subject  1 
water-ram,  may  take  the  form, 


e  = 


{h  -f  230  ft.)  rw  _  (h  4-  230)dw  _  {h  -f  2m)dw 


(MS)  X  144         {,5S)  X  144 


72  *S^) 


o 


in  which  7i  is  the  head  of  water,  in  feet 


r  ^^  '' 
d  **  '* 

8  "  " 


weight  of  one  cubic  foot  of  water>  in  lbs*  ^ 
radius  of  the  pipe,  in  inches* 
diameter  of  the  pipe,  iu  inches, 
thickness  of  the  pipe-shell,  in  incbesf 
tenacity  of  the  metal,  per  square  inch. 


If  we  substitute  a  term  of  pressure  per  square  inch,  p\ 


(=  .4Mh),  for  ^ 
pfpes^  it  becomes 


in  the  equation  for  thickness  of  dttctiUi 


^_ip  +  100  pounds)  r  _  (p  ^  100)  d  .^. 

If  tlie  pipes  have  merely  a  steady  static  pressure  to  sua 
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tin,  then  tlie  tenn  +  100  may  "be  omitted,  and  the  equation^ 
with  factor  of  safety  equal  to  4,  takes  the  simple  fonn, 


t  = 


'pr 


or  with  factor  of  safety  equal  to  6, 


t  = 


pr  ^  _     pa 
mmiS"  ,33333H" 


(9j 


(10) 


449.  Strengths  of  Wroiig:lit  Fipe  Metals.— The  fol- 
lowing values  of  aS^  give  the  tenacities  of  tlie  ivspective  ma- 
terials named  J  in  pounds  per  square  in^h  qf  sectian  qf 
metal^  when  the  metal  is  of  good  quality  for  pipes: 


TABLE     No,    92. 
Tenacities  of  Wrought  Pipe  Metjils, 


Wkicht 
r«R  Cu- 
bic Ikch. 

P»mmd$. 

CoMir. 
6  Or). 

Couf, 

Cost. 

Cosr. 

S.  im  ih*. 

,t66^S. 

.a»y. 

*S333I^- 

ss. 

Lead      , 

.a637 
.1046 
.3P» 

,a6o7 

94000 

4.60Q 

o.4«o 
flS.ooo 
30,000 
35,000 
40,000 

333  33 

766. <^« 
1566.66 
4666.66 
5000 

500 
1150 

»3So 
7000 

tOOOD      1 

666.67 

> 533 -33 
3133  33 

1     9333  33 
loooo 

11666.66 
1333333 

IQOO 

»3oo 

47«o] 
i40oal 
15000.1 

Block  tin.        .  *-. 

Gtaas       . ,,., 

fkna 

€ot>peT 

Wroiicht'iroo,  tifiisle  riv«t«d 

"      double    *'       

CAST-IRON     PIPES, 

450.  Sloiilrtiiig  of  Piiies.— The  successful  founding 
of  good  cast-iron  pipes  rt?quires  no  inconsiderable  amcuint 
of  skill,  fiucli  as  is  acquired  only  by  long  practical  exyieri- 
ence,  and  keen,  watchful  obser\'ation. 

The  loam  and  sand  of  the  moulds  and  cores  must  bt* 
carefully  selected  for  the  best  characteristics  of  grain,  and 
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proportioned,  combined,  and  moistened,  so  that  the  mix- 
ture sliall  be  of  the  right  consistency  to  form  smooth  and 
Bubstantial  moulds  and  cores,  and  be  at  the  same  time  suf- 
ficiently porous  to  permit  the  free  exit  of  moisture  and 
steam  during  the  process  of  drying.  The  moulds  must  be 
filled  and  mmmed  with  a  care  that  insures  their  stabilit; 
during  the  inflow  of  the  molten  metal,  and  must  be  dried 
so  there  will  be  no  farther  generation  of  steam  during  the 
inflow ;  and  yet  not  be  overdried  so  as  to  destroy  the  ad- 
hesion among  their  particles,  lest  the  grains  of  sand  l»e 
detai  lied  and  scattered  through  the  casting.  The  core  rop- 
ing uf  straw  must  be  judiciously  proportioned  in  thickness 
for  the  ii38pective  diameters  of  their  finished  cores,  and  must 
be  twisted  to  a  firmness  that  will  resist  the  pre^ure  of  the 
molten  metal,  so  that  the  pipe  will  be  free  from  swells  and 
the  projier  and  uniform  thictness  of  metal  will  be  secureii 
The  mixtui-e  of  tlie  metals  and  fuel  in  the  cupola  must 
be  guided  by  that  exi)erience  by  which  is  acquired  a  fo^^ 
knowledge  of  the  degree  of  tenacity,  elasticity,  and  general 
characteristics  of  the  finished  castings*  A  superior  class  of 
pipe  is  produced  only  when  excellent  materials  are  used, 
and  when  superior  workmanship  and  mechanical  appli- 
ances give  to  them  accuracy  of  form  and  excellence  of 
texture.  fl 

451.  Casting  of  Pipes. — A  certain  thickness  of  shell*  ™ 
of  twelve-foot  pip?s,  cast  vertically,  is  i^Hjuired  for  each      ' 
diameter  of  pipe,,  to  insure  a  perfect  tilling  of  the  mould 
before  the  metal  chills,  or  cools,  and  also  to  enable  the 
pipes  to  be  safely  handled,  transporte<l,  laid,  and  tapped. 

In  the  smaller  pi[>es  this  thickness  is  greater  than  that 
ordinarily  requia^d  to  sustain  Oie  static  pressure  of  the  j 
water  ^M 

The  necessary  additional  thickness^  beyond  that  re- 
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quired  to  resist  the  water  pressure,  decreases  as  the  diam- 
eter of  the  pipe  increases. 

There  must,  thereforej  be  aflfc^ed  to  the  formnla  of  thick- 
ness of  cast-iron  pipes,  a  term  expressing  the  additional 
thickness  required  to  be  given  to  the  piipes  beyond  that  re- 
quired to  resist  the  pressure  of  the  water,  and  this  term 
must  decrease  in  value  as  the  diameter  increases  in  valne, 

453,  Formulas  of  Tliiekiiens  of  Cast-iron  Pipen. 
— The  ultimate  tenacity  of  good  iron-pipe  castings  ranges 
fix)ni  10,000  to  29,000  pounds  per  square  inch  of  section  of 
metaL  Their  value  of  ^S",  the  symbol  of  tensile  strength 
per  square  inch,  is  usually  taken  at  18,0CK>  pounds,  and  the 
coefficient  of  safety  equal  to  10,  or  the  term  of  tensile  resist- 
ance is  taken  equal  to  .1  Si  or  if  an  independent  term  is 
introduced  in  the  formula  for  the  effect  of  water-ram,  the 

efficient  of  S  may  be  increased  to,  say  .3, 

Assuming  that  the  probable  or  possible  water-ram  will 
not  produce  an  additional  effect  greater  than  that  due  to  a 
static  pressure  of  100  pounds  per  square  inch,  or  head  of 
230  feet,  then  the  formula  for  thickness  of  cast^iran  pipes 
may  take  the  form, 


^_{h  +  2m)rw  .    oQo/i  _  _^\      (A±230)^  , 
^^  L28)  X  144  "^  '"^V      \m}  "  {A8)%  144  ^ 


{Asy 


.333 


('-4)- 


(11) 


in  which  h  is  the  head  of  water,  in  feet. 


w  **  weight  of  one  cubic  foot  of  water,  in  lbs. 

T  *'  internal  radius  of  the  pipe,  in  inches. 

d  "  internal  diameter  of  the  pif^e,  in  inches. 

t  "  thickness  of  the  pipe  shell,  in  inches. 

8  **  tenacity  of  the  metal,  in  ix)und8  per  sq.  in. 

If  we  substitute  a  term  of  pressure  per  square  inch. 
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p  (=  .434A)  for  ^77*  ^  ^^  above  equation-i  for  thickne 
of  cast-iron  pipes,  they  become, 


(j9  +  l00)r 


.3331 


V        100/  .4»       "*' 

453,  Til ieknesBeH  found  Graphically. — Sincewitlia 
coiistaiJt  bead,  presstire,  or  assumed  static  strain,  \\w  in- 
crease uf  teiisOe  stmin  upon  the  shell  is  prop*)rtioiial  witli 
the  incivase  of  diameter,  and  also  since  the  decrease  of 
additional  thickness  is  proix>rtional  with  the  increase  of 
diiuneter,  it  is  evident  that  if  we  compute  the  thickness  of  a 
series  of  jnpes,  say  from  4-iiicli  to  48-inch  diameters,  for  j 
given  pi-essure,  by  a  theoretically  correct  formula,  and  tlien 
plot  to  scale  the  it^sult^,  with  diameters  as  abscissas  and 
thicknesses  as  ordinates,  the  exti*eme8  of  all  the  ordinatoa 
will  lie  in  one  straight  line ;  and  also,  that  if  the  thicknesseal 
for  the  minimum  and  maximum  diameters  of  the  series  be 
computed  and  plotted  as  ordinates,  in  the  same  manner,^ 
and  tlieir  extremities  be  connectc»d  by  a  straight  line,  tl 
Intermediate  ordinates,  or  thicknesses  for  given  diameter 
as  abscissas,  will  be  given  to  scale.  This  method  greatlj 
facilitates  the  rak*ulation  of  thicknesses  of  a  series  oil 
*' classes^'  of  pipes,  and  if  the  ordinates  are  i>lotted  to 
scale,  gives  a  close  approximation  to  accuracy. 

454.  Table  of  TliirkiiosHeH  of  Cast-iron  Pipes,- 
Thc  following  table  gives  thicknesses  of  good,  tough,  and' 
elastic  cast-iron,  with  ^S'=  18,000  lbs.,  for  three  classes  of 
east-iron  pipes,  covering  the  ordinary'  range  of  static 
sores  of  public  water  supplies. 

The  thicknesses  in  the  table  are  based  upon  the  formula, 
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TABLE     No.    93, 

Thicknesses 

OF  Cast-iron  Pipes. 

(When  S  =  18000  lbs.) 

1 

CLASS    A. 

CI~A.SS    B. 

CLASS   C. 

DiAMBTSR.       j 

1 

Pressure,  w  lbs.  per 

square  inco,  or  less. 

Head,  1x6  feet. 

Pressure,  loo  lbs.  per 

square  inch. 

Head,  230  feet. 

Pressure,  ijo  lbs.  per 

square  inch. 

Head,  300  feet. 

Thicknesses. 

t 

Thicknesses. 

1 

Thicknesses. 

Inches,         1 
3 

Ineht*. 

.3858 

H 

1 

iHcka. 

\         .4066 

Ah 

fiyx, 

tn. 

a 

.4191 

4 

•4033 

H 

,       -43" 

tV 

•4477 

tV 

6 

•4383 

t'^ 

.4800 

i 

•5050 

i 

8 

•4734 

\ 

.5289 

a 

.5622 

A 

lO 

■5083 

\ 

•5777 

H 

.6194 

f 

12 

•5433 

^ 

.6266 

1 

.6766 

a 

14 

•5783 

H 

•6755 

« 

•7338 

i 

i6 

.6166 

1 

i 

.7277 

i 

•7944 

H 

i8 

.6483 

li 

•7733 

H 

.8483 

U 

20 

•6833 

\\ 

.8222 

H 

•9055 

a 

22 

•7183 

M 

.8711 

i 

.9628 

a 

24 

•7533 

i 

.9200 

H 

1.0200 

I 

27 

.8058 

« 

•9933 

t 

1. 1058 

'A 

30 

.8583 

\ 

1.0666 

itV 

1.1916 

I* 

ZZ 

1     .9108 

+1 

1. 1400 

'A 

'•2775 

'A 

36 

•9633 

1 

ii 

1.2133 

lA 

13633 

'i 

40 

1    1-0333 

'A 

1.3111 

IT^ 

1.4778 

'H 

44 

11033 

1 1 

1.4088 

iH 

1.5921 

lis 

48 

11733 

lA 

1     1.5066 

li 

1.7066 

i« 

In  the  following  table  are  given  the  thicknesses  of  cast- 
ron  pipes,  as  used  by  various  water  departments. 


TABLE     No,    94. 
Farts  of  an  Inch  and  a  Foot,   expressed  Decimally. 


1-33 

i-i6 
3-32 
1-8 

5-32 

3-i6 

7-33 

1-4 

9-32 

3-a 
13-32 

7-t6 
1533 

i-a 
17-32 

9-16 
19^32 

5-8 
a  1-3  2 
it-i6 
33-32 

3-4 
«5-32 
13-16 

39-32 
15-16 
Ji-32 

t 


E4|iin«]«iil 

D«c.  pftftof 

aafncfa. 


.03135 

.06250 

•09375 
.13500 

. 1562s 
.18750 

^21875 
.25000 
.38125 
.31250 
04375 
' 37500 
.40625 
•43750 
.46875 
.5O0cx> 
53125 
.56350 

•5Q375 
.62500 
.65625 

,68750 
.71875 
.75000 
.78125 
.81250 

.84375 
,87500 

.90625 
•93750 
.96875 


EquiTsknt 

D«c.  part  of 

»fboC 


.002604 

,005208 
.007812 
.010416 
.010420 
.015625 
.018239 
.020833 
,023437 
,026041 
.038645 
.031350 
.033854 
.036458 
.03(^3 

.041666 

,044370 

.046875 
.049479 
.052083 
.054607 
.057291 
.059895 
.062500 
.065104 
.067708 
.07031a 
.072916 
.075520 
.078125 
.080739 

.083333 


EquiT&lenl 

Dec.  parts 
of  A  fool. 

Bquiv. inches 

iMOrss. 

Dec.  p*rtiat 
afoot 

and  3^  pta., 
nearly. 

t 

.0835 

^A 

3 

.1667 

a 

5 

.2500 

31 

4 

•3333 

4  1 

5 

.4167 

6 

6 

*50oo 

,6 

'A 

7 

•5833 

.7 

8j 

8 

.6667 

.8 

^H 

9 

•7500 

•9 

iol{ 

JO 

•8333 

I.O 

la 

II 

.9167 

12 

I. 0000 

450.  Cast-Irmi  Pipe  Joints.— According  to  Crecy,* 
Mst-iron  pipes  wen*  first  generally  adopted  in  London  very 
PBar  the  close  of  tTie  last  century.  The  great  fire  destroyed 
■many  of  the  leM  mains  in  that  city.  These  were  in  part  ; 
llt?placed  by  wood  p!i>es,  but  when  wjiter-elosets  were  intro- 
*  daced  and  more  pressure  was  demanded,  the*  renewals  were 
afterward  wholly  of  iron. 


•  Encrclopodiii  of  CivU  Engineering,  p.  MS.     London, ; 
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The  earliest  pipes  had  flangt?d  joints  with  a  packing  ring^ 
of  leather,  and  were  bolted  together.  These  were  two  aod, 
one-half  feet  in  length.  Those  first  generally  used  by 
New  River  Company  were  somewhat  longer,  and  wer 
screwed  rigidly  together  at  the  joints.  This  prerente 
their  free  expansion^  and  contraction,  with  varying  temper-j 
atnres  of  water  and  earth,  rendering  them  troublesome  in 
winter,  when  they  were  frequently  ruptured.  Cylindrical 
socket-joints  were  then  substituted.  These  were  accuratelj 
turned  in  a  lathe,  to  a  slightly  conical  form,  and,  being 
luted  with  a  little  whiting  and  tallow,  were  driven  together. ^ 

The  length  of  the  pipes  was  subsequently  increased  lOj 
nine  feet,  and  a  hub  and  spigot -joint  formed,  adapted  fiistJ 
to  a  joint  packing  of  deal  wedges,  and  afterward  to  a  pack- j 
ing  of  lead. 

The  hub  and  spigot-joint,  with  various  slight  modifica-j 
tions^  has  been  generally  adopted  in  the  British  and  cou-j 
tinental  pipe  systems,  for  both  water  and  gas  pipes ;  but 
the  turned  joint  has  by  no  means  been  entirely  superseded 
in  Euroj)ean  practice, 

A  variety  of  the  forms  given  to  the  turned  joint  are  fllns- 
trated  and  commented  upon  in  a  paperf  recently  read  tr 
Mr.  Downie  in  Edinburgh,    The  illusti-ations  include  tunied 
joints  used  in  Glasgow,  Laimceston,  Dundee,  Flyde,  Ldver-f 
pool,  Trieste,  Sydney,  Hobart  Tov^ti,  and  Hamilton  (Canada)' 
water- works,  and  in  the  Buenos  Ayr«?s  gas-works.    Thc^, 
joints  were  also  used  by  Mr.  George  H.  Norman,  the  w*ell-^ 
known  American  contractor  for  w^ter  and  gas  works,  m 
gas  works  constructed  by  Mm  in  Cuba, 


*  M.  Girard  found  that  tlie  lineal  ctxpuision  of  cut-ircm  plpeit,  when  five 
and  in  the  open  air  was  .000080  of  an  inch  for  each  ndditioDal  degree  of  Fkh* 
renheit.    Rank  me  gives  .0000733  inch  per  foot  per  degree. 

t  Proceedings  Inst,  E,  S.,  vol,  vll,  p.  18. 
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The  turned  joint  has  not  as  yet  been  adopted  in  the 
pipe  systems  in  the  TJnited  States ;  hut  in  the  new  water- 
work  of  Ottawa,  Canada,  completed  in  1876  under  the  dii*ec- 
tion  of  Thos.  C,  Keefer,  C.E.,  they  were  very  generaUy  used. 

The  depths  of  hub  and  of  lead  packing  in  the  early  Eng- 
liBh  and  Scotch  pipes,  and  in  fact  in  the  first  pipes  used  in 
connection  with  the  Faii-mount,  Croton,  and  Washington 
aqueducts,  exceeded  greatly  the  dei>tl)s  at  present  used. 

The  pine-log  water-pipes  of  Philadelphia  had  been  gen- 
erally replaced  by  cast-iron  pipes  as  early  as  about  1819. 
The  forms  of  hubs  and  spigots  then  used,  as  designed  by 
Mr.  GrafFe,  Sr.,  were  very  similar  to  those  now  used,  ex- 
cept that  the  hubs  had  somewhat  greater  depth.  The 
lengths  of  the  pipes  were  nine  feet,  and  other  dimensions  as 
in  the  foUomng  table,  from  data  in  the  "Journal  of  the 
Franklin  Institute"  : 


Diameter  of  prpe,  in  inches. 

Thickness  of  shell 

Depth  of  hub 


3 

4 

6 

8 

10 

la 

i6 

t 

A 

ii 

1 

i 

A 

* 

31 

4 

S 

5 

Si 

6 

I 


It  is  observed  that  the  set^  by  which  the  lead  is  com- 
pacted in  the  joint,  acts  upon  tlie  lead,  ordinarily  only  to  a 
depth  of  from  one  to  one  and  one-quarter  inches.  The  lead- 
beyond  the  action  of  the  set  is  of  but  little  practical  value, 
and  there  is  no  advantage  in  giving  the  hemp  packing  an 
'^aoemve  depth. 

Deep  jointB  run  solid  with  lead  often  give  to  the  line  of 
pipes  such  rigidity  that  it  cannot  acconimodate  it^i^t  to  the 
nnevenness  of  its  bearings  and  weight  of  backfilling,  espe- 
cially in  ledge  cuttings,  and  rupture  results, 

Wlien  trenches  arc  too  wet  to  admit  of  pouring  the  lead 
successfully,  small,  soft  lead  pipe  may  be  pressed  into  the 
joint  and  faithfully  set  up  with  good  effect. 

457.   DimeiiHionH  tif  Pipe-joint**.— Pig,  96  is  a  re- 
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Fig,  96, 


V 


.n 


duced  section  of  a  bell  and  spigot  of  a  12-iiich  diameter 
pipe.  Dimensions  of  cast-iron  pipe  socket-joints  for  diam- 
eters fi-oni  4-incli  to  48-inch,  corresponding  to  the  letters  in 
the  sketcli,  are  given  in  the  follomng  table  (No.  95),  and 
like  data  are  given  for  flange-joints  in  the  next  sncceeding, 
table.  No.  96, 

The  weight  of  flanged  pipes,  per  lineal  foot,  exclusive  of 
weight  of  flanges,  which  is  given  in  Table  No.  96,  maybe 
computed  by  the  following  formula  {tid'e  §  461)  ; 

«j  =  9.817(«2  +  0t 

458,  Templets  for  lJc»lt  llolen. — A  sheet-metal  tem-j 
plet  for  mai'king  centres  of  bolt  holes  on  flanges  should  be 
laid  out  and  pricked  with  the  nicest  accuracy,  and  have  it 
face  side  and  one  liole  conspicuously  maiktxlp 

On  special  cavstings  intended  for  fixed  positions  the  tem«j 
plet  should  be  placed  upon  the  flange  so  that  the  centre  o^ 
the  marked  hole  shall  fix  the  position  of  one  bolt  bole  ex4 
actly  over  the  centre  of  the  bore  of  the  pipe  when  the  pijie^ 
shall  be  placed  in  position,  then  the  boll  lioles  of  abutting^ 
flanges  will  match  with  uniformity. 
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TABLE     No.    08. 
Dimensions  of  Cast-iron  Water-pipes.     (Fig.  96.) 

(Thickiiess  of  shell  is  herein  proportioned  for  loo  lbs.  static  pressure.) 


1 

1^    ^ 

1 

>-* 

_ 
4 

oft 

** 

3 

Sf 

«i 

(M 

M 

'«' 

^r 

fp 

U 

Am 

mn 

U 

9} 

A        «     1 

12-3 

» 

if 

» 

» 

/> 

A 

f* 

tf 

A 

II 

ft 
I 

it 

3 

t   r3-3 

*      3 

A 

«l 

A 

A 

a 

8    ia^3 

H   3 

A 

I* 

A 

A 

«J 

10   ia-3 

U'3 

A 

i| 

A 

A 

«i 

12   ia-3l 

» 

3l 

A 

2 

A 

A 

H 

14    12-33 

u 

'^ 

A 

ai 

A 

A 

n 

t6     12^1 

1 

3i      i 

»4 

lA 

A 

f 

"J 

18    i2-3t 

If 

3t      1 

a* 

'A 

A 

f 

»» 

«d'    13-31 

"1" 

1 

aj 

■ 

*A 

A 

1 

af 

aaj  t2^3j 

j'jl 

1 

a* 

'A 

A 

\ 

3 

24    I2-3t 

III  «t      1 
!•    3»   1    f 

*\ 

ift 

A 

t 

3 

37:  ta-4 

»    1  4       iV 

»f     li 

» 

A 

.1 

3V 

30    12-4 

«A  4 

A 

aj     li 

J 

li 

1 

A 

3l 

33    12-41 

«a;  41 

A 

n  a 

1 

A 

3t 

36    12-41 

'•V4i   i 

«i 

S 

A 

\ 

31 

40 

I2-4i 

»ft'4l 

i 

«i 

'»! 

A 

\ 

3 

3» 

44 

12-41 

m, 

4l 

i 

A 

'1 

A 

\ 

3 

3* 

46 

r^t 

«i 

4l 

i 

3 

»H 

A 

\ 

2 

4 
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TABLE    No.    96. 
Flastce  Data  or  Fla^cged  CAsr-ntON  Pifes. 


of 
bote 

of 
pipe. 

Damecer 
of 

TUrk- 

bolts.* 

DUL 

of 

ofcktiear 

Distance   ' 
1    between 
oo^oi 

1 

moo 

dwn. 

ofnlre 

3 

/«:*«. 

^ 

ImcJLa, 

A.WL 

3-45 

8 

frndn. 

Dtcrmms 
imcJUg. 

5-6 

DteiwuLl    1 
imehn, 

2.199 

8 

4 

7J 

i 

6.64 

10 

i 

6.7 

2.105 

9 

6 

10 

fl: 

8.56 

10 

tV 

8.9 

2.796 

II 

8 

"1 

H 

11.98 

12 

I  I.I 

2.906 

13 

lO 

14I 

i  : 

»6.5 

14 

4 

*3-3 

2.98s 

16 

12 

17 

« 

22-3 

14 

} 

^SS 

3.478 

18 

14 

»9l 

I 

28.6 

16 

17.7s 

3.48s : 

20 

i6 

*«l 

iiVI 

36.8 

18 

z 

20.0 

3.491 1 

22 

i8 

23  i 

li   : 

45-5 

20 

i 

22.2 

3487 

24 

20 

26J 

IT^ 

56.9 

20 

24.4 

3.833 

26i 

22 

281 

«i   : 

62.8 

22 

J 

26.5 

3784 

28i 

24 

3oi 

li   i 

65-4 

24 

7 

28.6 

3-744 

301 

27 

335 

lA 

80.8 

'     26 

31.8 

3.842 

33i 

30 

36J 

.1 

95-9 

28 

35-0 

3.927 

36J 

33 

40 

15 

117 

'     30 

38.1 

3.990 

40 

36 

435 

lA 

143 

32 

* 

41.6 

4.084 

43i 

40 

47 1 

i| 

160 

34 

_ 

45-75 

4.227 

47  i 

44 

5'J 

li 

'97 

36 

* 

50.0 

4.363 

j 

sH 

48 

56 

»4   1 

224 

40 

54.1 

4.249  , 

56 

*  The  number  of  bolts  given  in  the  table  may  be  decreased  when  the 
water  pressures  and  transverse  strains  upon  the  bolts  are  light. 
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If  an  even  number  of  bolts  ait?  used,  then  there  will  be 
a  bolt  vertically  over  and  under  the  centre  of  the  bore  of 
the  pipe. 

■  If  tlie  templet  h  not  veiy  exactly  spaced  tlie  face  side 
ahould  be  jilaced  against  one  flange  with  the  marked  hole 
at  top,  and  the  back  against  the  other  abutting  flange  witli 
same  hole  at  top ;  otherwise  the  bolt  holes  may  not  exactly 
match, 

■  459.  Flexible  Pipe- Joint, — It  is  sometimes  necessary 
m  to  take  a  main  or  sub-main  across  a  broad,  deep  stream  or 


Ftr,.  97. 


^ ...._. 

expensive  to  coffer  a  pipe  course  so  as  to  make  the  usual 
form  of  rigid  joint.    Different  forms  of  ball  and  socket 
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flexible  joints  Iiave  been  adopted  for  such  cuses,  wlil 
allow  the  pipes  to  be  joined  and  the  joints  complete<i  above] 
ttie  water  siirface^  and  the  pipe  then  to  be  lowered 
its  bed. 

Fig.  97  illustrates  the  form  of  joint  designed  bj  tha 
writer  for  a  twenty-foiir  inch  pipe,   wliich  ia  especially  1 
adapted  to  large-size  pii>e-jointa.    It  is  a  modilication  of  the  ] 
Glasgow  '^  universal  joint.'* 

The  difBculty  of  making  the  Imck  i>art  of  the  lead-pack- 
ing of  tlie  joint  finn  and  solid,  which  difficulty  has  here^i 
tofoi-e  interfered  with  tlie  complete  success  of  the  hiip^rj 
flexible  jiipes,  is  here  overcome  by  separating  the  bell  into 
two  parts,  so  as  to  permit  both  the  front  and  rear  part^  of 
the  packing  to  be  driven. 

In  putting  togt^ther  this  joint,  the  loose  ring  is  passtnl 
over  the  balbspigot  and  slipped  some  distance  toward  the 

Pig.  98. 


centre  of  the  pipe ;  the  ball-socket  is  then  entered  into  the^ 
solid  part  of  the  b«^II  and  its  lead  joint  packing  poured  and 
snugly  driven  ;  the  loose  ring  is  then  bolted  in  position,  and  J 
its  lead  joint  packing  is  ]X>ured  and  firmly  driven,  aLsoJ 
This  secures  a  solid  packing  at  botli  front  and  ivar  of  theJ 
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I 


joint,  capable  of  withstaiiding  the  strain  that  comes  upon  it 
as  the  pipe  is  lowered  into  position,  and  ensures  a  tiglit 
joint*  The  ball-spigot  is  turned  smooth  in  a  lathe  to  true 
spherical  form. 

Fig.  98  illustrates  J.  B.  Ward's  patent  flexible  joint. 

4GO.  TlilekiieHH  FonmiJas  Coiiiimred. — The  restilts 
given  by  some  of  the  well-known  formulas  for  tliicknesses 
of  en st-ir on  pipes,  may  be  rompanxl  in  Table  Nn,  97. 

461*  ForiiiiOaH  fcir  Weigrhtn  of  CnKt-iroii  Piiies,— 
The  mean  weight  of  cast-iron  is  about  450  pounds  per  cubic 
foot,  or  .2G04  pounds  per  cubic  incli, 

Lt^t  d  be  the  diameh-r  of  a  cast-iron  pipe,  in  inches ; 
<,  the  thickness  of  the  pipe-shell,  in  inches ;  and  -n  the  ratio 
of  circumference  to  diameter  (=  3.1416);  then  the  cubical 
volume  T'i ,  in  inches,  of  a  pipe-sliell  (neglecting  the  weight 
of  hub),  is,  for  each  foot  in  length, 

Fi  =  (d  +  ^  X  <  X  tr  X  12.  (14) 

When  the  length  of  a  pii)e  is  mentioned,  it  is  commonly 
the  lengtli  between  the  bottom  of  the  hub  and  the  end  of 
the  8pigf)t  that  is  referred  to  ;  that  is,  the  net  length  of  the 
pipe  laid,  or  w^hich  it  will  lay. 

The  average  w^eight  of  a  pipe  i>er  foot  includes  tlie 
weight  of  the  hub,  which,  as  thus  spoken  of»  is  assumed  to 
be  distributed  along  the  pip?'. 

The  weights  of  the  hubs,  of  general  foiTti  shown  in 
Fig,  9C,  and  whose  dimensions  are  given  in  Table  No,  95 
(p.  461),  increase  the  average  w  eight  per  foot  of  the  twelve- 
foot  light  pipes,  approximately,  eight  per  cent. ;  of  the 
medium  pipes,  seven  and  one-half  per  cent ;  and  of  heavier 
pipes,  seven  per  cent. 

Tlie  equation  for  cubical  volume  of  x>ipe-metal,  includ- 
ing hub,  is 

m 
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TABLE     No.    97. 
Formulas  for  Thickness  of  Cast-iron  Pipes  Compared. 

Assumed  stmtic  pressure,  75  lbs.  per  square  inch.    Assumed  tenacity  of  metal,  iS^oao  Ibt.  per 

square  inch. 


AoTHORmr. 


Equation  (13),  f  45a, 

M.  Dupuit 

J.  F.  D'Aubuisson.. 
Julius  WeisbadL... 
Dionysus  Lardner. 

Thomas  Box ...... 

G.  L.  Molesworth.. 

Wm.  J.  M.  Rankine 

John  Neville  ...  . 
Thos.  Hawksley  . 
Baldwin  Latham  . 
James  B.  Francis. 
Thos.  J.  Whitman 

M.C.Meigs 

J.  H.  Sheld   

J.  F.  Ward 

Jos.  P.  Davis 


Squatioms 


(/■noo)</  . 


•■  {.ooi6m4i)  ■¥■  .oiyal  -*-  .3a . . . . . 

:  (.OXy/)  +.395 

:  (.ooa^Stui)  ■¥■  .34 

:(xx>7«r)+-.38. 

Ad 


DlASIKTBBS. 


4in.       IS  in.   I  a4in.     4810. 


35000 


=  (. 


(.37  for  4"  to  13") 

.000054*4/)  + -{.50   »*  13     **  30   V 

( .69   "30     "  50   ) 


/  ^ 

-\'^ 

:   [.0016  (»  +   10)  ^]   +  .33 

:   .18  V^ 

whd 

:a.ss*-'^ 

:  (.oooo58A<f)  +  x>i53^  +  .31a  . 

:  (.0045m/)  +   .4  —  .OOlI</    .  .  .  . 

(.oa6o4i6</)  +  .35 

:   (.OOOOSA^)  +  .01//+   .36 

:   (.0002kd)    +   .30 . 

:   (.00475m/}    +  .35 


TlUck- 
ness. 

IneheM, 
.4173 

•4055 

.3899 
•45M 

•377^ 

.4074 


Thick.  I  Thick. 


I 

Inche*. '  Incke*. 

.5850   I     .8367 

.57<S6   j     ^333 

•S7SO  ]     .7550 

.4897        .6394 

,8ao4 


.5794 

.6X31 


.3887 

.5000 

.4x75 

.6x36 

.3600 

.6335 

.3334 

.500a 

.4x39 

.6148 

.4900 

.6699 

.3542 

.5635 

-♦554 

.6461 

.4384 

.7x5a 

.4496 

.6488 

A)69 
794a 
.707X 

9053 
.88x8 

7504 
.9x76 
9397 
8750 
.9333 

X304  ; 
9476  ! 


Thkk. 
oeas. 

Imcka. 

i.34« 
X.X150 

•9389 
x.s6q8 

X.X7S0 

x.a684 


x.49oa 

X.2470 
1.3508 
1.5133 

«-479S 
x.50oa 
x.Sooft 
X.9608 

X.545* 


In  which    /  =  thickness  of  pipe  wall,  in  inches. 

</  =  interior  diameter  of  pipe,  in  inches. 

A  —  head  of  water,  in  feet 

w  =  weight  of  a  cubic  foot  of  water,  =  63.5  lbs. 

m  =  number  of  atmospheres  of  pressure,  at  33  feet  eadu 

/  =  pressure  of  water,  in  pounds  per  square  inch. 

S  =  ultimate  tenacity  of  cast-iron,  in  pounds  per  square  iodL 
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V=  {d+i)x  li)8tx  T  X  12. 


(15) 


Let  Wi  he  the  weiglit  per  cubic  inch  of  the  metal 
{—  ,2604  lbs.),  and  w  the  average  weight  per  foot  of  the  pipe, 
then  we  have  for  equation  of  average  weight  per  foot,  of 
twelve-foot  jiipes, 


10  =  \2{d  +  i)  X  L08/  X  TTtOp 


(16) 


P  To  compute  the  average  weight  per  lineal  foot  of  an 
IS-inch  diameter  pipe,  twelve  feet  long,  and  l\  inch  thick  in 
the  shell,  assign  the  numerical  value  to  the  symbols,  and 
the  equation  is : 

w  =  12(18  -H  .65625)  x  (1.06  x  .65626)  x  3.1416  x  .2604 
=  129.80  pounds. 

In  tlic  equation,  12,  tt,  and  w^  are  constants,  and  may  be 
united,  and  tlieir  product  (=  9*81687)  supply  their  place  in 

■  the  equation,   when  the  equation   for  average  weigfit  per 
I  foot  is, 

I  and 

■  463.  Table  of  WelfirlitH  of  Ca«t-iroii  Pipes The 

following  table  gives  minimum  weights  of  three  classes  of 
cast-irou  pijies,  of  good,  ttjugh,  and  elastic  cast-iron  (with 
iS^  —  18.000  lbs.\  for  lieads  up  to  *^00  ft. ;  also,  api>roximate 
weights  of  lead  required  per  joint  for  the  respective  diam- 
eters, from  4  to  48  inches,  inclusive. 


and  for  the  total  weigJd  of  a  12-foot  pipe : 
W  ^  117.84(6? -fO  X  1,08^. 


(18) 
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TABLE     No.     9  8. 
Minimum  Weights  of  Cast-iron  Pipes. 


CLASS    A. 

CLASS 

B. 

CLASS    C. 

Hcftd,  »i6  feet. 

Hes<],  3>>  fecL 

HcAd,  }OD  feet 

Pressure,  so  lbs. 

Pressure,  100 

lbs. 

Pressure,  130  tbs. 

i 

t 

\m. 

1 

i 

< 

6 

1 

« 

1 

bee  c 

Hi 

if 

i 

If 

1 

If 

Si   ? 

41 

n 

t 

I 
1 

1 
1 

~! 

im. 

VAf.           Mr. 

im. 

Ut. 

^. 

fV. 

/*#. 

/St. 

Al 

J 

■T^. 

>8.Bs        n6.«3 

■^ 

96. t6 

»4t'^ 

.4477 

»-9a 

990.06  I  iU     1  «l 

30.07 

360.84 

3»83 

?4:?: 

.5050 

3^  sa 

J3:: 

8  , 

:JSJ 

4a  4 J 

508.93; 

.5289 

iJ:|I 

,56^ 

50.58 

lO  I 

S6.64 

679.68 
867     60 

5777 

774. Qo 

:^ 

69.11 

8>9-^,               •     ^ 

1* 

<S431 

ioft.65 

1     .6a^ 

83.50 

«oo».oo 

90.1a 

108 1   46  1    i         15.1 

ft  1 

■F?l 

to73.So 

.«^55 

104.62 

«»$5  44 

.n3« 

113.60 

•363 '**  1  »     n^ 

.6166 
U9} 

tyn.Bo 
«53B  40 

'7»77 

U8.4& 

»53  «9 

\q^ 

:es 

140.18 
168.00 

1682,  H^       5      '    li  1 

»oxt 

m 

.t8p 

149  ^I 

»7^7  7»: 

180.71 

91^    43 

SSI 

19814 

»3n 

» 

7t«l 

17a. 97 
*97  0S 

»a7S.64 

1     ,S7T» 

sto.si 

»S^.53 

»3»»S 

M 

:m 

:iut 

.gjoo 

«43.01 

>904.'« 

i.ooool  468. f 5 

3*17  »4 

Hia^H 

»7 

»37  S5 

.:^ 

»9S-3» 

3S«9.7" 

i.iosSi    ja6,5« 

^li'" 

^H 

y> 

.8s»3 

33^.fo 

J49.6! 

4195  3* 

4938,04 

I,t9i6    390.53 

4"^  4t 

II 

373  »a 

SI 

1 . 1400 

t,«83 

410.67 
478.42 

i^775    4*0  " 
>    3633     53S.»9 

i:u::i 

9 

*> 

>  0333 

449  44 

^3^- 7*^1 

1   t,3ttt 

S7»  74 

6860.88 

:;;;j!i^;« 

7797  47 

44 

1.1013 

5»7-4fl 

1.408a 

S?:3 

8103,48 

9.5a.«6 

n^^H 

4S 

t  »733 

611.81 

73>».*8| 

1  i^So6d 

9444  96 

t.7o66j  191.^0 

10695  69 

4^ 

■ 

The  follow  ing  table  gives  the  weighte  of  pipes  that  hare 
been  uspd  by  various  water  departTiients  for  their  maximum 
pi-essures : 


«  Vide  IhickDeasee  of  pipes  in  Table  No.  93,  p.  4SEL 


INTEHCHANGEABLE    JOINTS. 


TABLE     No,     98/1-. 

Weights  of   Cast-iron   Pipes,  as   used  in  Several  Cities  for 
THEIR  Maximum  Pressures. 


i 


I 


» 


1 


Maxinnum  Head,  in  feet. 


R.    R. 


•jojiooliS© 


It     R. 

198170 


S.-P.   R, 
115  I  tto 


R.  I  S.-P. 

aool    960 


&.P. 
»7S 


ILSt 
D..P. 


R.& 
S..P. 


IS 

71  [86 


105 

151   ]i7o 

58s 


M 


Avor«g«  "Weighty  per  lineal  foot,  in  pounds. 


908 

407] 


5t 


831 


4SO 


33l 

8S 

1:1 

47« 


341 1 

350 
41a 


87 

"3 


J97i 
aS7 


»3* 


«34 

3 


45 
53l 
75 


165 
334 


».1 


86 
'1*5 


«3o 
170 
ajo 

357     330 


»9t 
351 


The  initlKls  in  the  horironui  column  of  heads  liidicate  the  syitems  of  piressiire,  Ttz.,  R.,  res- 
crvoiT  ;  S.-P,,  stAnd-pipe ;  and  D.-P.^  direct  pressure. 

463,  Iiitercliaiigrea-ble  Joints,— When  several  classea* 
of  pipes,  varying  in  weight  for  similar  diameters,  enter  into 
the  same  system  of  distribution,  as,  for  instance,  in  an  un- 
dulating town,  with  considerable  diffei-ences  in  levels^  there 
is  an  advantage  in  making  the  exterior  diameters  the  con- 
Btauts,  instead  of  the  interiors,  for  then  the  spigots  and  bells 
of  both  plain  and  special  castings,  and  of  valves  and 
hydrants,  liave  uniformity,  and  are  interchangeable,  as  ot^ca- 
sion  requires,  and  the  different  classes  join  each  other  with- 

special  fittings. 


m 


•  The  OttawA  pip©  we\ghU  classed  as  of  4  and  14  Incli  diametera  are  in 
iict  5  and  15  inch  diamt'tera  reeijectivelj. 
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If  it  is  objectionable  to  increase  and  decrease  tiie  mier 
diameters  of  the  light  and  heavy  classes,  then  the  object] 
may  be  attained  by  increasing  the  thickness  of  the  ends  of ' 
the  light  and  medium  classes,  so  far  as  they  enter  the  hubs. 

464.  Chanicteristics  of  Pi|ie-Meral.H*— The  metal 
of  pipes  should  be  tough  and  elastic,  and  have  great 
tenacity.  In  proportion  as  these  qualities  ai^*  lacking,  bulk 
of  metal,  increased  in  a  geometrical  ratio,  must  be  sub- 
stituted to  produce  their  equivalents.  In  our  formula  giveuj 
above  (§  452)  for  tliickness  of  cast-iron,  it  will  be  i^j 
menibered  that  we  were  obliged  to  add  a  term  of  thicknessi 

4 ,333/1  —  -— \  i  to  enable  the  pipes  to  be  safely  handled 

If  the  metal  is  given  great  degrees  of  toughness  and  elasn 
ticity,  we  nuiy  omit>  for  the  larger  pipes,  this  last  memliei' 
of  the  fonnula ;  but  now  we  add  to  each  twelve-foot  pie 
of  pij^,  of  20-inch  diameter,  five  or  six  hundred  pounds; 
36-inch  diameter,  six  or  eight  hundred  pounds,  etc,,  th 
would  not  be  required  with  a  superior  metal- 
It  is  exi>ensive  to  fi-eigiit  this  extra  metal  a  hundred  or' 
more  miles,  and  tlien  to  haul  it  to  the  trenches  and  swing  it 
into  place,  and  at  the  same  time  to  submit  to  the  breakage 
of  from  three  to  five  per  cent,  of  the  castings  because  of  tl 
brittleness  of  the  inferior  metal. 

It  is  w?ll  known  that  the  same  qualities  of  iron  stone,  and^ 
of  fuel,  may  ]>roduce  from  the  same  furnace  very  differeut,^ 
qualities  of  pigs,  and  it  is  the  smelter's  business  to  knovrj^ 
and  lie  generally  does  know%  whether  he  has  so  proportion«?d 
his  materials  and  controlled  his  blast,  as  to  produce  pigs 
that  when  remelted  will  tiow  fi-eely  into  the  mould,  take 
sharply  its  form,  and  become  tough  and  elastic  castings. 
Tlie  founders  will  supply  a  refined  and  homogeneous  iron, 
if  such  quality  is  clearly  specified,  and  it  is  well  worthy  of 
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I 

I 
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consideration  iii  tlie  majority  of  cases  wliether  siicli  in 
will  not  be  in  Rict  tlie  luost  economical,  at  itss  fair  additioual 
cost,  if  extra  weight,  exti*a  freight  and  haulage,  and  extra 
breakage,  am  duly  ronsidered. 

Exi>ert  inspector^!*  cannot  witli  conlidence  pronounce 
upon  the  quality  of  tht  cast  metal  from  an  examination 
of  its  exterior  appeaniuce,  nor  infallibly  fi'oni  th«^  appear- 
ance of  its  fmctui-e.  AVllkie  says*  of  the  fi-acture  of  good 
No.  1  cast-iron,  that  it  shows  a  dark  gray  color  'nth  high 
metallic  lustiv ;  tlie  ciystals  are  large,  many  of  them  shining 
like  ijarticles  of  fivshly-cut  lead  ;  and  that  however  thin 
the  metiil  may  be  cast,  it  retains  its  dark  gmy  color.  It 
contains  from  tlm^^  to  five  per  cent,  of  carbon.  Tliis  is 
tlie  most  fusible  pig  iron  and  most  fluid  when  melted^  and 
superior  castings  may  be  produced  from  it. 

No.  3  has  smaller  and  closer  crystals,  which  diminish  in 
size  and  brightness  from  the  centre  of  the  easting  toward 
the  edge.  Its  color  is  a  lighter  gray  than  No.  1,  with  less 
lustre.  No.  2  is  intermediate  in  appearance  and  quality 
between  Nos.  1  and  3. 

The  ''bright,''  '' motUed,''  and  '' white'^  irons  have  still 
lighter  colored  fmctuies,  with  a  white  "list''  at  the  edges,] 
are  less  fujfible,  and  are  more  crude,  hard,  and  brittle. 

Tlie  mottled  and  white  irons  an?  sometimes  produced  by 
the  furnace  working  badly»  or  I'esult  from  using  a  minimnm 
of  fuel  with  the  ore  and  tlux. 

The  crystals  of  the  coarser  kinds  of  casMrons  were  found 
by  Dr.  Schott,  in  his  microscopical  examinations  of  frac- 
tures, to  be  nenrly  cubicah  and  to  be(ome  flatt*  r  as  the 
proportion  of  carbon  decreas4*d  and  the  gmin  became  more 
uniform. 


^  **  Tlie  mantifiictaxe  of  Iroo  in  Great  Britoin,"     London,  18R7, 
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In  wrought  iron,  the  double  pyramidal  fonn  of  the  oa^ 

crystal  is  almost  lost,  and  has  become  flattened  down  to 

imrallel  leaves,  forming  what  is  termed  the  fibre  of  the  iroit 

In  steei  the  crystals  have  become  quite  parallel  and 

fibrous. 

405,  Tests  of  Pip**  Metals.— The  toughness  and  Qln& 
ticity  of  pipe  metal  may  be  tested  by  taking  sample  rinyji 
of,  say,  24-inch  diameter,  l4nch  widths  and  f-inch  thickness, 
lianging  them  upon  a  blunt  knife-edge,  and  then  suspending 
weights  from  them,  at  a  i>oint  opposite  to  their  support 
noting  their  defletrtions  down  to  the  breaking  point ;  also,  by 
letting  similar  rings  fall  from  loiown  heights  upon  solid  an* 
vils.  Tlie  iron  may  also  be  submitted  to  what  is  termed  the 
*'beani  test,"  generally  adopted  to  measure  the  transvei 
strength  and  elasticity  of  castings  for  building  purposes. 
In  such  case  the  standard  bar,  Fig.  99,  is  3  ft.  6  in,  loi 

2  in.  deep,  and  1  in.  bixmd,  ai 
is  placed  on  bearings  3  ft  apart, 
^^       and  is  loaded  in  the  middle  till 
broken. 

Ii\>n  that  has  been  first  skill- 
fully made  hi  to  pigs,  from  good 
ore  and  with  good  fuel,  and  has 
then  been  remelted,  should  sustain  in  the  above  descrili 
beam  test,  from  4,000  to  4,5(X)  pounds,  and  submit  to  a 
flection  of  from  ^^  to  .^-inch. 

The  tenacity  of  the  iron  is  usually  measured  by  submit- 
ting it  to  dii-ect  tensile  strain  in  a  testing  machine,  fitted  for 
the  purpose.  Its  tenacity  sliould  reach  an  ultimate  limit 
of  25,000  pounds  per  square  incli  of  breaking  section,  while 
still  remaining  tough  and  elastic.  Hard  and  brittle  iroi 
may  show  a  much  greater  tenacity,  though  making  1< 
valuable  pipes. 
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4G6*    The   Preservation    of  Pipe    Snrfaees.— The 

uncoated  iron  mains  tirst  laid  down  in  London,  by  the  New 
River  Ccjmpaiiy,  were  supposed  to  imi>ait  a  chalybeate 
quality  to  the  water,  and  a  wash  of  lime-water  was  applied 
to  the  interiors  of  the  pipes  before  lajing  to  i-eraedy  this  evil, 

Befoi-e  iron  pipes  had  been  long  in  use,  in  the  early  part 
of  the  present  century,  in  those  European  towns  and  cities 
supplied  with  soft  water,  it  was  discovered  tliat  tuberculous 
^  accretions  had  foiTned  so  fn3i^ly  upon  their  interiors  as  to 
seriously  diminish  the  volume  of  flow  through  the  pipes  of 
three,  four,  and  six-inch  diameteiu 

This  difficulty,  wliicli  was  so  serious  as  to  necessitate  th©i 
laying  of  larger  distribution  pipes  than  would  otherwiael 
have  been  necessarj%  engaged  the  attention  of  British  and 
continental  engineers  and  chemists  from  time  to  time.  Many 
experimental  coatings  were  applied,  of  silicates  and  oxides, 
and  the  pipes  were  subjected  to  batlis  of  hot  oil  under 
pressui*e,  with  the  1io|k^  of  fully  remedying  the  difficulty. 
A  committee  of  the  British  Association  also  inquired  into 
the  matter  in  conn<?ction  with  the  subject  of  the  preserv  ation 
of  iron  ships^  and  instituted  valuable  experiments,  wliich 
are  described  in  two  reports  of  Robert  Mallet  to  the  Asso- 
ciation. 

A  similar  difficulty  was  experienced  with  the  uncoat-ed 
iron  pipes  first  laid  in  Philadelphia  and  New  York. 

In  the  report  of  the  city  engineer  of  Boston,  January, 
1852,  mention  is  made  of  some  pipes  taken  uj>  at  the  South 
Boston  drawbridge,  which  had  been  exposed  to  the  flow 
of  Cochituate  water  nine  years. 

He  remarks  that  '^some  of  the  pipes  were  covered  inter- 
llly  with  tubercles  which  measured  about  two  inches  in 
Mea  on  their  surfaces,  by  about  three-quarters  of  an  inch 
in  height,  while  others  had  scarcely  a  lump  raised  in  them. 


Those  which  were  covex^d  with  the  tubercles  were  oor 
to  a  depth  of  about  one-sixteenth  of  au  inch ;  the  iix)n 
tlmt  depth  ciittiug  with  the  kiiifc  very  much  like  plumbago."  ' 
Mr.  SUde,  the  engineer,  expressed  the  opinion,  after  com- 
paring the  condition  of  these  pipes  with  that  of  pipes  exam* 
ined  in  1852,  that  the  corrc^ion  is  very  eneiyetic  at  firsi,^ 
but  that  it  graduallj  decreases  in  energy  year  by  year. 

The  process  used  by  Mons.  Le  Beuffe^  civil  engineer  of 
Yesoul,  France,  for  the  defence  of  pipes,  as  communicated*  1 
by  him  to  Mr.  Kirkwood,  chief  engineer  of  the  Brooklyn 
Water- works,  ''consists  of  a  mixture  of  linseed  oil  aud 
beeswax,  applied  iit  a  high  tenipei-ature,  the  pipe  heing  ^ 
heated  and  dipped  into  the  lu»t  mixture. 

The  varnish  of  M.  Crouziere,  tested  on  iron  immersed  in 
sea- water  at  Toulon,  by  the  French  navj ,  consisted  of  i 
mixtui*e  of  sulphur,  rosin,  tar,  gutta-percha,  minura,  blanchl 
de  ceruse,    and    turpentine.      Tliis    protected   a   plate  of 
wrought  iron  perfectly  diuing  the  year  it  was  immersed. 

A  process  that  has  proved  very  successful  for  the  preser*; 
vation  of  kon  pipes  used  to  convey  acidulated  w^aters  froB 
Geriunn  mines,  is  as  follows  if  *^The  ])ipes  to  be  coatee 
are  first  exposed  for  thi^ee  hours  in  a  bath  of  diluted  sul- 
phuric or  hydrocldonc  acid,  and  afterward  brushed  with 
water ;  they  then  receive  an  under-coating  composed  of 
34  parts  of  silica,  15  of  borax,  and  2  of  soda,  and  an*  e: 
posed  for  ten  mintites  in  a  retort  to  a  dull  ivd  heat.  Afte 
that  the  upi)er  coating,  consisting  of  a  mLvture  of  34  par 
of  feldsimr,  19  of  silica,  24  of  borax,  16  of  oxide  of  Hn,  4  d 
fluorspar,  9  of  soda,  and  3  of  saltpetre,  is  laid  over  tlie  int€ 
lior  surface,  and  the  pii>es  are  exposed  to  a  whit^  heat 
twenty  minutes  in  a  retort,  when  the  enamel  perfectly  unit 

•  Vide  Descriptive  Memoif  of  the  Bpooklyn  Wnter- works,  [).  48,    N.  T. ,  18 
t  V*d4  **  Engmecring/'    Loiidoa,  Jan,,  18T2,  p.  45. 
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Trith  the  cast-iron.  Before  the  pii^es  are  quite  cooled  down, 
their  outside  is  pamted  with  coal-tar.  The  above  ingre- 
dients of  the  upper  coating  are  melted  to  a  mass  in  a  cru- 
cible, and  afterwards  vnth  little  water  ground  to  a  fine 
Iiasti?,** 

Prof  Barffj  M.A.,  proposes  to  preserve  iron  (including 
iron  water-pipes)  by  converting  its  smfaces  into  the  mag- 
netic or  black  oxide  of  iron,  wliich  undergoes  no  cliange 
whatever  in  the  presence  of  moisture  and  atmospheric 
oxygen. 

He  says,  '^Tlie  method  whicli  long  experience  has  taught 
us  is  the  best  for  carrying  out  tliis  process  for  the  protection 
of  iron  articles,  of  common  use,  is  to  raise  tlie  temj>eratui-e 
of  those  articles,  in  a  suitable  chamber,  say  to  oOif  F.,  and 
then  paas  steam  from  a  suitable  generator  into  this  cham- 
ber, keeping  these  articles  for  five,  six,  or  sev^en  hours,  as 
tiie  rase  may  be,  at  that  temperature  in  an  atmosphere  of 
superheat4»d  steam. 

**  At  a  temperature  of  1200^  F,,  and  under  an  exposure 
to  superheated  steam  for  six  or  seven  hours,  tlie  iron  surface 
"becomes  so  changed  that  it  will  stand  tlie  action  of  water 
for  any  lengtli  of  time,  even  if  that  water  be  impregnated 
with  the  acid  fumes  of  the  laboratory," 

The  first  coated  pipes  used  in  the  United  States,  were 
imported  from  a  Glasgow  foundry  in  1858.  These  were 
coated  by  Dr.  Angus  Smith's  patent  process,  which  had 
been  introduced  in  England  abont  eight  years  earlier, 
Dr*  Smith's  Coal  Pitch  Varnish  is  distilled  from  coal-tar 
until  the  na|>htha  is  entirely  removed  and  the  material 
deiMlorized,  and  I)r  Smith  recommends  the  addition  of  five 
or  six  per  cent,  of  linst»ed  oil. 

The  pitch  is  care  fully  heated  in  a  tank  that  is  suitable 
to  receive  the  pipes  to  be  coated,  to  a  temperature  of  about 
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when  the  pipes  are  immersed  in  it  and  allo^ 
lo  remain  ontil  they  attain  a  temperature  of  3lK)°  Fah. 

A  mope  satisfactory  treatment  is  to  heat  the  pipes  in  a 
retort  or  oven  to  a  temperature  of  about  310^  Fab.,  and 
then  immerse  them  in  the  bath  of  pitch,  which  is  maintained 
at  a  temperature  of  not  less  than  21 0^ 

AVhen  linseed  oil  is  mixed  witli  the  pitch,  it  has  a  teji- 
dency  at  high  temjjerature  to  sei>arate  and  float  njion  the 
pitch.  An  oil  derived  by  distillation  from  coal-tar  is  more 
fretpiently  substituted  for  the  linseed  oil,  in  practice, 

Tlie  pipes  should  be  free  from  rust  and  strictly  clean 
when  they  are  immersed  in  the  pitch-bath. 

467.  Varnishes  for  Pipes  and  Iron-work.— A  good 
tar  Tarnis?i,  for  corering  the  exteriors  of  pipes  where  they 
are  exposed,  as  in  pump  and  gate  houses,  and  for  exi)Osed 
iron  woric  generally,  is  mentioned*  by  Ewing  Matheson» 
and  is  composed  as  follows :  SO  gallons  of  coal-tar  fresh, 
with  all  its  naphtha  retained ;  6  lbs.  taUow;  IJ  lbs.  resin; 
3  ll>s.  lami>black;  30  lbs.  fresh  slacked  lime,  finely  sifted. 
These  ingredients  are  to  be  intimately  mixed  and  applied 
hot.  This  vaniish  may  be  covered  witli  the  t»rdinary  lin- 
seed-oil i>aints  as  occasion  recpiires, 

A  black  varuishy  that  has  been  recommended  for  out- 1 
door  iron  work,  is  composted  as  follows:  20  lbs.  tar-oil; 
6  lbs,  asphaltum  ;  5  lbs.  powdered  rosin.    These  an?  to  be  I 
mixed  hot  in  an  iron  kettl(%  with  care  to  prevent  ignition. 
The  vamisli  may  be  applied  cold. 

4118.  Hydraulic   Proof  of  Pipes.— WTien  the  ca^ 
iron  pipes  have  receivi»d  tlieir  pres^^rvative  coating,  tliey  < 
shonhl  be  pla^u^d  m  an  hydmiilic  proviiig-press,  and  tested 
by  water  pressure,  to  300  lbs.  per  sq.  in. ;  and  while  under  ^ 
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the  pressure  be  smai-tly  ning  witli  a  hamnur,  to  test  them 
fbr  minor  defert^  in  eustiiig,  and  for  iinduo  int**rnal  stmins^. 
Fig.  100  is  one  of  the  most  siriii)le  fonns  ui"  hydraulic 
proving-presses.  The  cast-iron  la  ad  upon  the  leit  is  fixed 
stiitionarj,  while  toward  the  right  is  a  strong  Ijead  that  is 
movable,  and  that  advances  and  retreats  by  the  action  tf 

Fig.  100. 


the  screw  working  in  the  nnt  of  the  fixed  liead  at  tlie  right. 
When  the  pipe  is  rolled  into  position  fc)r  a  test^  suitable 
gaskets  are  placed  upon  its  ends,  or  against  the  two  heads, 
■  and  then  by  a  few  tixrns  of  the  hand-wheel  of  the  screw,  the 
movaT)le  head  is  set  up  so  as  to  press  thi*  jripe  between  tin* 
two  heads.  Ijcvers  are  then  applied  to  tlie  screw,  and  tin* 
preasui-e  incraistni  till  there  will  hi'  no  leakage  of  water  at 
the  ends  past  the  gaskets.  The  air-cock  at  the  riglit  is  tlien 
opened  to  permit  escapt?  of  the  air,  and  the  water-valve  at 
the  left  opened  to  fill  the  pijx*  with  water.  Tlte  hydraulic 
pump  and  the  watt^r-pressure  gauge,  which  an*  attached  at 
tbe  left^  an*  not  shown  in  the  engraving,  AVhen  the  piiK^  is 
filled  with  water,  and  the  valves  closed,  the  n-quisitp  pns- 
gore  is  then  applied  by  means  of  the  pump.  Care  must  be 
taken  that  all  tin*  air  isexpi^lled,  l)eft>re  |»ressnre  is  applitHl^ 
lest  in  case  of  a  split,  the  compressed  air  may  scatter  the 
pieces  of  iron  with  disastrous  results. 


Fig.  101 
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Fig.  102. 


i^^^^^mm>f'r: 


REDUCER. 


Fig.  la",. 
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469,  Special  Pipes, — Fig.  101  is  a  section  tlirongh  a 

singli*  Bmnch,  with  side  views  of  lugs  for  securing  a  cap  or 
liydmiit  brauch. 

Fig.  102  is  a  section  through  a  Rediioer. 

Fig-  103  is  a  section  through  a  Bend, 


FiQ.  104. 


Fifi.  m% 


^ 


Pig.  104  is  a  section  through  a  Sleeve,  the  upjHr  half 
?ing  tlie  fonu  for  covering  rut  ends  of  pipes,  and  the  lower 
lialf  the  fomi  for  uncut  spigot  ends. 

Fig-  105  is  a  paH  section  and  plan  of  a  clamp  Sleeve, 


WROUGHT-IRON     PIPES 

470.  Cement -Lined  anil  Coated  Pipen, — Sheet-iron 
water-pipes,  lined  and  coated  witli  hjdranlic  cement  mor- 
tar, by  a  process  invented  by  Jonathan  Ball,  were  laid  in 
S:iratoga,  N.  Y.,  to  eonduet  a  supply  of  water  for  domestic 
purj>oses  to  some  of  the  i^iti/A'Us,  as  early  as  184o. 

The  inventor,  w4io  was  aware  of  the  ready  corrosion  of 
wrought- iron  when  exposed  to  a  flow  of  water  and  to  the 
4ftnipness  and  acids  of  the  eartli,  had  observed  th«*  }>re- 
sarvative  influence  of  lime  and  cement  when  applied  to  iron, 
and  saw  that  witli  its  aid,  the  higli  tensih*  strength  of 
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wnnight  or  rolled  ii'on,  could  be  utilized  in  water-pipes 
sui^Uiiu  considerable  pressures  of  watcT,  and  the  weight  of 
tile  iron  required,  thus  be  materially  reduced* 

The  reduction  in  the  weight  of  the  iron  reduced  also  the      . 
total  cost  of  tlie  complete  pipe  in  the  trench,  ^M 

The  favorable  qualities  of  hydraulic  cement  as  a  conduc-  ^j 
tor  of  potable  waters  had  long  been  well-knowm,  for  the 
Romans  invariably  lined  their  aqueducts  and  conduitaj 
with  it. 

Twenty-five  or  thirty  towns  and  villages,  and  a  number] 
of  corjiomte  water  companies   had   already   adopted  tho 
wrought-iron  cement  lined  water  pip^s  in  tlieir  systems^  and  j 
still  others  were  experimrnting  with  it  at  the  breaking  out 
of  the  civil  war  in  1861  • 

As  one  result  of  the  war,  the  price  of  iron*  rose  to  more] 
than  double  its  former  value,  and  the  difference  in  cont  be- 
tween cast  and  wrought  iron  jjipes  became  conspicuous,  and 
the  cost  of  all  pipes  rose  to  so  great  total  sums  that  the  pipe^J 
of  least  first  cost  must  of  necessity  be  adopted  in  most  I 
instances,   almost  I'egaixiless  of  comparative  inerits.     Sol 
long  as  the  high  prices  of  iron  and  of  labor  remained  firm, 
the  contractors  for  th«*  wrought-iron  were  enabled  to  lay  it 
at  a  reduction  of  forty  per  cent,  from  the  cost  of  the  ca^t-j 
iron  pipe. 

Increased  attention  to  sanitary  improvements  led  many] 
towns  to  complete  their  water  supi>lies  even  at  the  highj 
rates,  and  many  hundred  miles  of  the  cement^lined  pipes] 
came  into  use. 

471*  Methods  of  Liiiliifif.— Its  manufacture  is  simple. 
The  sheet-iron  is  formed  and  closely  riveted  into  cylinders  j 


*  New  York  and  Pliilinielpliia  prire»   rurrt^nl  rveorcl  the  noarl/  reguUr  < 
avera^p  mnntlily  bicrpaj^e  in  the  price  of  Anthradte  Pig  Iron  No,  I,  Iiom  18f 
doltarB  jter  ton  «>/  2240  puutids  in  August  1861,  to  TdJ  doUjuti  ^er  toD 
August,  1864 
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of  sevea  or  eight  feet  in  length,  and  of  diameter  from  one 
to  one  and  one-half  inches  greater  than  tlie  clear  bore  t*f  tlio 
lining  is  to  be  finished.  The  pii>e  is  then  set  upright  and  a 
short  cylinder,  of  diameter  eqiial  to  the  desii-ed  bore  of  the 
pipe,  is  lowered  to  the  bottom  of  the  pii>e.  Some  freshly 
mixed  hydraulic  cement  mortar  is  then  thrown  into  the  jiiije 
and  the  cylhider,  which  has  a  cone-shaped  fiont ;  and  guid- 
ing  spurs  to  maintain  its  central  position  in  the  shell,  is 
drawn  up  through  the  mortar.  A  uniform  lining  of  tlie 
mortar  is  thus  compressed  within  the  wrought-iron  shell. 
The  ends  are  tlien  dressed  up  with  mortar  by  the  aid  of  a 
small  trowel  or  spatula,  and  the  i>ii>es  ca^^f iilly  placed  upon 
skids  to  remain  until  the  cement  is  set» 

The  interiors  of  the  pipe-linings  are  treated  to  a  wash  of 
liquid  cement  while  they  are  still  fi*esli,  so  as  to  fill  their  pores. 

In  another  j>rocess  of  lining,  a  smoothly-tnnied  cyliu- 
drical  mandril  of  iron,  equal  in  length  to  the  full  length  of 
tlie  pipe,  and  in  diameter  to  the  diameter  of  the  finished 
bore,  is  used  to  fonu  the  bore^  and  to  compress  tlie  lining 
within  the  shelL  A  fortnight  or  three  weeks  is  required  for 
the  cement  to  set  so  as  safely  to  boar  transportation  or  haul- 
age to  the  trenches,  In  the  meantime  tlie  iron  is  or  should 
be  protected  from  storms  and  moisture,  and  also  from  the 
direct  rays  of  the  sun,  which  unduly  expands  the  iron,  and 
separates  it  from  a  portion  of  the  cement  lining. 

473.  Coveriiijsr-— When  these  pipes  are  laid  in  the 
trench,  a  bed  of  cement  mortar  is  prepared  to  n»ceivf»  them, 
and  they  are  entirely  coat^xl  with  about  one  inch  tluckness 
of  cement  mortar,  as  is  shown  in  the  vertical  section  of  a 
pix-inch  pipe.  Fig.  106. 

Tlie  writer  has  ustxl  upwaixls  of  one  hundred  miles  of 
this  kind  of  pipos,  and  the  smaller  sizes  have  proved  uni- 
formly successful,  ■ 
31                                                                                 I 


The  iron  is  relied  upon  wholly  to  sustain  the  pressTrm 
of  the  water  and  resist  tlie  effects  of  water-rams.  The  h 
cement  is  dejjended  upon  to  iireseire  the  iron,  which  object  " 
it  has  accomplished  during  the  term  these  pipes  have  beea 
in  use.  when  the  cement  was  good  and  workmanship  faitli* 
ful,  which,  unfortunately  for  tliis  class  of  pipe^  has  not  ■ 
always  been  the  case,  and  the  reputation  of  the  pipe  has  * 
suffered  in  consequence. 


Fig.   lOT. 


!473.  Cement- Joint.— A  sheet  *iix)n  sleeve,  about  eigl 
inches  long,  as  shown  in  Fig.  107.  is  used  in  the  comraotij 
form  of  joiot  to  cover  the  abutting  ends  of  the  pipe  as  thej 
are  laid  in  the  ti-ench. 
The  diameter  of  the  sleeve  is  about  one  inch  greater  than 
the  diameter  of  the  wronght-iron  pipe  shell,  and  the  annular 
space  between  the  pipe  and  sleeve  is  filled  with  cement  The 
sleeve  and  pif>e  are  then  cover«^d  'with  cement  mortar. 

In  a  mom  recently  patented  form  of  pipe,  the  shell  has  a 
taper  of  about  one  inch  in  a  seven-foot  piece  of  pipe^  and 
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the  small  end  of  one  piece  of  pipe  enters  about  fom*  mclies 
into  tlie  ]ai^  end  of  the  adjoining  pipe,  tlms  forming  u 
lap  without  a  special  sleeve.  The  thickness  of  lining  iu 
these  pii)es  varies,  but  the  bore  is  made  uiiifojin, 

474-  Cast  IIiib-.lcHiits,— The  writer  having  experienced 
some  difficulty  with  both  the  above  forms  of  cement-joints,  of 
the  lai'ger  diametersj  and  desiring  to  substitute  lead  pack- 
ings for  the  cement,  in  a  20-inch  force  main,  to  be  subjected 
to  great  strains,  devised  the  form  of  joint  shown  in  Fig.  108. 

Fig.  108. 


In  this  case  the  wrought-lron  shells  were  riveted  up  as 
for  the  common  20-inch  pipe,  and  then  the  pipe  was  set 
upon  end  in  a  foundrj'^  near  at  liand,  a  form  of  bell  moulded 
about  one  end,  and  molten  iron  poured  in,  completing  tlie 
bell  in  the  usual  form  of  cast  iron  belL  A  spigot  is  cast 
upcm  the  opposite  end  in  a  similar  manner.  The  lead  jiack- 
ing  is  then  poured  and  driven  u]>  with  a  set,  as  the  pip<*s 
are  laid,  as  is  usual  with  cast-iron  pipes.  The  joint  is  as 
successful  in  every  respect  as  are  the  lead-joints  of  cast^inm 
pijtes. 

The  force-main  in  question  has  been  in  use  upwards  of 
three  years,  and  water  was,  during  several  months  of  its 
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earlieet  use,  pmiiped  through  it  into  the  distribution  pi] 
on  the  diiect  pumping  sjstem. 

For  lead  joints  on  wrought-iron  pipes  from  ten  to  sixt^ 
inches  diameter  inclusiTe,  about  four  inches  width  of  the 
tdgfi  of  the  spigot  end  sheet  may  be  rolled  thicker,  so  as  to 
bear  the  strain  of  caulking  the  lead,  as  a  substitute  for  the 
cast  spigot 

475,  Composite  Branches.  —  The  wrought -iron 
branches  were  originally  joined  to  their  mains  by  the  appli- 
cation of  solder,  the  iron  being  first  tinned  near  and  at  the 
junction.  After  the  successful  pouring  of  the  bells,  the 
e3q>eriment  was  tried  of  uniting  the  parte  by  pouring  molten 
metal  into  a  mould,  formed  about  them,  the  metal  heiag 


II 

I 


Fro.  loa 


LQifit  partly  outside  and  partly  inside  the  pipes,  as  in  the 
ikise  of  the  hub-joint.  The  parts  were  rigidly  and  very  sub- 
stantially united  by  the  process,  which  is  in  x>ractical  effect 
equal  to  a  weld. 

Pig.  lOQ  shows  a  section  of  a  double  six-inch  branch  on 
a  twelve-inch  sub-main* 
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Fig.  110  is  a  section  of  a  wroiiglit'iroii  angle  with  its 
parts  united  by  a  cast  union* 

Several  holes,  similar  to  the  rivet  holes  of  the  pipe,  are 
punched  near  the  ends  to  be  united  at  diflfei^ent  points  in 
the  circumference,  so  that  the  metal  flows  through  them, 
as  shown  in  the  sketches. 

Pig.  110. 


I 


The  writer  has  used  these  branches  and  angles  exclu- 
sively in  several  cities,  in  wrought-iron  portions  of  the 
distribution-pipes,  without  a  single  luilure. 

476*  Tliiekiiess  of  Shells  for  Cement  LiiiingH. — 
When  computing  the  thickness  of  sheets  for  the  shells  of 
wrought-iron  cemeot-lined  pipes,  the  internal  diameter  of 
the  shell  itself,  and  not  of  finished  hore^  is  to  be  taken. 
The  longitudinal  joints  of  the  shells  for  pipes  of  124nch  and 
greater  diameters,  should  be  closely  double  riveted. 

The  tensile  strength  of  the  shells,  when  made  of  the  best 
plates,  may  be  assumed,  if  single  riveted,  30,000  pounds 
per  square  inch,  and  double  riveted  40,(X)0  pounds  per 
square  inch. 

A  formula  of  thickness,  given  above,  with  factor  of 
safety  =  4,  in  addition  to  aUowance  for  water-ram,  may  be 
used  to  compute  the  thickness  of  plates,  viz.: 


(19) 
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ill  which  t  is  the  tbickuess  of  rolled  plate,  ia  inclies. 
d     *'^     diameter  of  the  shell,  in  inches. 
p     **     static  pressure  due  to  the  head  in  lbs.  per 

sq.  in,  =:  ,434  A. 
*S^    "     tenacity  of  riveted  shells,  in  lbs.  per,  sq.  iu* ' 

The  following  table  gives  the  tliickness  of  shells  fa 

cement  linings,  and  the  nearest  No.  of  Birmingham  gang 

in  excess,  suitable  for  beads  of  from  100  to  300  feet,  bj 

formula, 

.  _  (i>  -h  100>3f 


TABLE     No,     99. 
Thickhess  of  Wrought  Iron  Pipe  Shells, 

(0{ftiiieter&  ^"  lo  lo"'  *dDg1c  rireled,  S  =  36v3>»>tbs.    Dkmeleni  %a"  mnd  upward,  double  r 

S  =  40,1000  Ibski 


DlAMBTBS 
OF   SUKtU. 

Hkad   lid   ¥%WF, 

Hkad  175  Fbkt«      1 

Hbad  3(»  Fbst. 

ntAMETBR 
OF   BiJRfi. 

Thickness 
by 

Ne«rest 
Nfi,  Btrm, 

Thickoess 

by 
FormulA. 

Ncmrest 

No.  Birm. 

Ttiickiu^ 

by 
FonauU. 

Na.  Btrm 

GAUf^e  in 
BjLceM« 

GftiM^ein 

fijDCCdM. 

G»«lfekr 

fiUA^s, 

fncAet, 

Ituk*9. 

iHcAtM. 

/*<rJ^*». 

4 

5 

,0417 

«9 

.O4S6 

18 

.0639 

t6 

6 

7 

.0523 

17 

.0681 

T5 

.0894 

13 

8 

9-25 

,0771 

«5 

.0899 

^3 

.1182 

II 

10 

ir.25 

•0957 

U 

.1094 

12 

•H37 

9 

12 

13^25 

,0994 

12 

•"59 

II 

.1524 

8 

14 

15-25  ' 

.1144 

12 

1334 

10 

•^754 

7 

16 

t7-5 

•1313 

JO 

1532 

8 

.20J2 

^  J 

18 

19-5 

.1463 

9 

.1706 

7 

.2142 

*: 

20 

31-5 

.161J 

8 

.1881 

6 

-2472 

3' 

23 

ns 

,1763 

7 

.2056 

5 

.2702 

2 

24 

255 

•1913 

6 

.2236 

4 

•2932 

1 

Shells  having  less  factors  of  safety  than  our  fonnula_ 
gives,  have  been  used  in  many  small  works,     A   fact<] 
equal  to  6,  to  include  eflFect  of  water-ram,  should  always 
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taken,  and  lliis  may  be  found  diitfctly  by  a  formula  in  the 
following  form : 


.333asr 


(30)- 


^^  47T   Oaiiffe   Thickness  and  Weifirlits   of  Rolled 

■  iron. — ^The  IVillowiug  table  (No,  100)  gives  tlie  tJuckiiesses 
and  weiglita  of  slit^t-mm.  con\*sp<mdiii<2:  to  Bimiingliam 

I  gauge  numbers ;  also  thicknesses  and  weiglita  mcreasing 
by  sixteenths  of  an  inch. 
478*  Liiiiii|>:,  Covering:^  and  Joint  Mortal*, — The 
lining  mortar  and  covering  mojlar  should  have  the  volume 
I  of  cement  somewhat  in  excess  of  the  volume  of  voids  in  tlie 
sand,  or,  for  linings,  equal  parts  of  the  best  hydraulic 
cement  and  fine-grained,  sharp,  silicious  sand ;  and,  for 
coverings,  two-tifths  like  cement  and  three-fifths  like  sand. 
The  joint  mortar  should  be  of  clear  cement,  or  may  be 
of  four  jmrts  of  good  Portland  cement,  and  one  part  of 
hydraulic  lime,  with  just  enough  water  to  reduce  it  to  a 
stiff  paste. 

ITliis  kind  of  pipe  demands  very  good  materials  for  all 
its  i>arts,  and  the  most  thorough  and  faitliful  workmanship. 
A  concrete  foundation  shoidd  be  laid  for  it  iu  quicksand, 
or  on  a  soft  bottom,  and  a  bed  of  gmvel,  well  rammed, 
should  be  laid  for  it  in  rock  trench,  and  exceeding  care 
must  be  taken  in  replacing  the  tiv^^nch  back-fillings.     Poor 
_   mati»rials  or  slighted  workmanship  will  suivly  lead  to  after 
I  annoyance* 

■  Somi'  of  the  cement-lined  pipes  ai*e  given  a  biith  in  hot 
^^^lialtum  befoi-e  tlieir  linings  are  ap]>lied.  In  such  case,  a 
^iprinkling  of  clean,  sharp  sand  over  tlielr  surfaces  imme« 

diately  after  the  bath,  whDe  the  coating  is  tacky,  assists  in 
forming  bond  between  the  cement  and  asplialtum. 


488 

MAINS  A>D  DmTRIBrTION-PIPEa 
TABLE     No.    too. 

1 

Thicknesses  and  Weights  of  PLATEriitoM 

^^B 

! 

Thjckoeas. 

Weight  of  a 
iquurefoot 

Tliickiieas 

sixtmielu 
or  an  iDcb. 

an  lack. 

•  tqaarefM*.  ^H 

/mcJUs, 

PffmmdM. 

/itciUr. 

AaaA. 

CXX30 

.454 

18.35           1 

A 

.03125 

»-»63  J 

ooo 

.425 

17.18           i 

^ 

,06250 

2.^26  ■ 

oo 

.38 

15.36           j 

^» 

.09375 

J-7S9H 

o 

•34 

»3^74       ' 

i 

,12500 

5.032  H 

I 

•3 

12.13 

^ 

.'5625 

6.31s  ■ 

2 

.284 

11.48 

A 

.18750 

7-574 

3 

•  259 

10.47 

^ 

.21875 

8.84»~ 

4 

.238 

9,619 

i 

.25000 

10.10 

§ 

.22 

8.892     I 

A 

.28125 

11-37  m 

^                  6 

.20J 

S.20S     1 

6 

,31250 

12.63  ■ 

^B 

,18 

IM  \ 

*34375 

13.89    ~ 

^H 

.165 

i 

.37500 

15.16    J 

^B 

.I4S 

5.981 

U 

.40625 

16.43  m 

^^B 

.134 

5.4»6 

tV 

.43750 

1 7.68  ■ 

^H 

.12 

4.850 

il 

46875 

18.95         ' 

^^M 

.109 

4.405 

i 

,50000 

30.3I 

^1 

.095 

3.840 

A 

.56250 

3*73 

^H 

.085 

3.355 

1 

,62500 

15.26 

^H 

.072 

2.910 

« 

.68750 

«7-79 

^H 

,065 

2.627 

i 

.75000 

30.31 

^H 

.058 

2.344 

« 

.81250 

3J-84 

^H 

.049 

1.980 

i 

.87500 

35.J7 

^H 

.042 

1.697 

H 

•93750 

37-89 

^^B 

.035 

1^415 

1 

40.4* 

^^1 

.032 

1.293 

»* 

1,06250 

4^-94 

^^m 

.028 

1.132 

'i 

1.12500 

4S-47 

^m 

-025 

i.oto 

'A 

1.18750 

48.00 

^H 

.021 

.8893 

«j 

1,2^000 

5o.s» 

^H 

,02 

,8083 

*^ 

«.3"5o 

5305 

^H 

.018 

.7225 

»* 

'.37500 

55-57 

^m 

.016 

.6467 

'A 

1       1.43750 

58.10 

^H 

,014 

.5658 

■1 

1.50000 

60.63 

^H 

•  013 

•5254 

'; 

^ 

1.56250 

63-15 

^H 

•  012 

.4850 

1.62500 

65.68 

^H 

*oio 

.4042 

i 

1-68750 

68^0 

^B 

.009 

.3638 

J 

■ 

1.75000 

70.73 

^H 

.008 

•3233 

i 

1.81250 

73-»'5 

^H 

,007 

.2829 

■ 

1.87500 

75.78 

^H 

.005 

.2021 

\i 

'•93750 

78.31 

^B 

.004 

.1617 

2             1 

2 

80.83 
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479,    A»iili;iUiiiii-ciniteil    Wrciiifjlit-iroii    Pipes.^ — 

Wrouglit-lroii  jjipes,  coated  witli  asphalt um,  have  beeD 
used  almost  exclusively  in  California,  Nevada,  and  Oregon, 
some  of  those  of  the  San  Francisco  water  supply  being 
thirty  inches  in  diameter. 

Some  of  thes<3  wrought-iron  pipes,  in  siphons^  are  sub- 
jected t«  great  pressuKN  as,  for  instance,  iu  the  Virgiuia 
City,  Nevada,  supply  main,  leading  water  from  Marlette 

Tliis  main  is  11^  inches  diameter,  and  37,100  feet  in 
length,  and  crosses  a  deep  valley  between  the  lake,  upon 
one  mountiun  and  Virginia  City  upon  another*  The  inlet, 
when3  the  jiipi!  rec<nves  tlie  wat^t^r  of  the  lake,  is  2,098  feet 
above  the  lowest  depression  of  the  pipe  in  the  valley,  where 
it  passes  under  the  Virginia  and  Tiiickee  Railroad,  and  the 
delivery  end  is  1528  feet  above  the  same  dejjression.  A 
portion  of  the  pipe  is  subjected  to  a  steady  static  strain  of 
750  jjoimds  per  square  inch. 

The  thickness  of  this  pipe-shell  varies,  according  to  the 
pressure  upon  it,  as  folhiws : 


I 


OflBd,  bifcct. 


I 


Xok.  eCiron,  Birmingham  gauge. 
TMiclciicss,  In  Inches 


900  «ao  '  3Jo> 
or  to  I  to 
less  J  330     430 


16      15 
.065    ,071 


14 
o«3 


43^ 

to 


700 
to 


950 

to 

1050 

7 


YOSO 

to 


»50 
to 
1400 

1 
.9S9 


•34 


The  joints  are  covered  with  a  sleeve^  and  the  joint  pack- 
ing is  of  lead, 

480.  AHphaltiiiii-Bath  ft*r  Pipes, — A  description  of 

the  asplialtura  coating,  as  prepared  for  these  pipes  by 
Herman  Sclrussler,  C.E,,  under  whose  direction  many  pipes 
have  b<H!n  laid,  is  given  in  the  JatmaiT,  1874,  Report^  of 
J.  Nelson  Tubhs,  Esq*,  Chief  Kngineer  of  tlie  Rochester 
Water-worksp  as  follows,  in  Mr.  Schussler's  language  : 
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'^The  purest  quality  of  asphaltiini  (we  use  the  S^ 
*  B^Mm)  is  selected  and  bmkeu  iuto  pieces  of  irum  ihe  size 
of  a  hen's  egg  to  that  of  a  list     With  this,  tlxree  or  four 
round  kettlea  are  tilled  full,  then  the  interstices  are  filled 
with  the  best  quality  of  coal  tar  (free  trom  oily  substances] 
and  boUed  from  three  to  foui*  houi*s,  until  the  entire  kettle 
charge  is  one  semi-fluid  mass,  it  being  frequently  stirred  up* 
The  beet  and  most  practical  test  then,  as  to  the  suitabili 
of  the  mixture^  is  to  take  a  piece  of  sheet  iron  of  the  thicfc 
ness  the  pipe  is  made  of,  say  six  inches  square,  it  being 
cold  and  freed  from  impurities,  and  dip  it  into  the  boiling 
mass,  and  keep  it  there  from  five  to  seven  minutea     Imme- 
diately after  taking  it  out,  plunge  it  into  cold  water,  if 
possible  near  the  freezing-point,  and  if,  after  removal  froi 
the  water,  the  coating  doirt  become  brittle,  so  as  to  juni 
off  the  iron  in  chips,  by  knocking  it  with  a  hammer,  but 
firmly  adheres  (like  tlie  tin  coating  to  galvaniz^-il  iron),  the 
coat  is  good  and  will  last  for  ages.    If,  on  the  other  han 
it  is  brittle,  it  shows  that  there  is  either  too  much  oil  in  th^ 
tar  or  asphaltiim,  or  the  mixture  was  boiled  t<:>o  hot,, 
there  was  totj  much  coal  tar  in  the  mixture  ;  as  adding  coal 
tar  makes  the  mixture  brittle,  while  by  adding  asjilialtu 
it  becomes  tough  and  pliable.    The  pipes  are  immersed  in 
the  bath  as  thus  prepared." 

Wrought'iron  ]iipes  of  this  description  are  ext-enaively 
useti  in  France,  in  diameters  up  to  48  inches. 

They  are  first  subjected  to  a  bath  of  hot  asphaltum,  and 
then  the  exteriors  are  coated  with  an  asphaltum  concrete, 
into  which  some  sand  is  introduced,  as  info  the  cement- 
covering  above  described. 

481*  Wroiij^ht  Pipe  Plates,— The  shells  of  wrought- 
ii'on  conduits  and  pipes  shook!  be  of  the  best  rolled  plates, 
of  tough  and  ductile  quality,  of  ultimate  strength  not  les 
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than  55,000  lbs.  iK?r  square  inch,  and  that  will  elongate 
fifteen  per  cent,  and  reducje  in  sectional  area  twenty-five  per 
cent,  before  fracture. 


WOOD     PIPES. 

482.  Bored  Pipes, — ^The  wooden  pipes  need  to  replace 
the  leaden  pipes,  in  London,  that  were  destroyed  by  the 
gi-eat  fire,  tliree-quartei*s  of  a  century  ago,  reached  a  total 
length  exceeding  four  hundred  miles.  These  pij>es  were 
bored  with  a  peculiar  core-auger,  that  cut  them  out  in 
neete,  so  that  small  pii>es  were  made  from  cores  of  larger 
pipes. 

The  earliest  water-mains  laid  in  America  were  chiefly  of 
bored  logs,  and  recent  excavations  m  tlie  older  towns  and 
cities  have  often  uncovered  the  old  cedar,  pitc!i-pine,  or 
chestnut  pipe-logs  that  liad  many  years  before  been  laid  by 
a  single,  or  a  few  associated  citizens,  for  a  neighborhood 
supply  of  water. 

Bored  pine  logs,  with  conical  faucet  and  spigot  ends, 
and  with  faucet  ends  strengthened  by  wronght-iron  bands, 
were  laid  in  Philadelphia  as  early  as  1797. 

Detroit  had  at  one  time  one  hundred  and  thirty  ndles  of 
small  wood  water-p]|>es  in  lier  streets. 

483,  WjekofT'H  Patent  Pipe*— A  patent  wood  i>{pe, 
irmtrafiictured  at  Bay  City,  Michigan,  has  recently  been 
laid  in  several  western  to\^ms  and  cities,  and  has  developed 
an  iinuHual  strength  for  wood  iiipes.  Its  chief  peculiarities 
are,  a  spiml  banding  of  hoop-iron,  to  increase  its  resistance 
to  jiressure  and  water-ram ;  a  coating  of  asplialtum,  to 
preserve  the  exterior  of  the  shell ;  and  a  special  form  of 
thimbh>joint. 

Fig,  111  is  a  longitudinal  ^^  *  ioint  of  this 

wood  i>ipe,  showing  t>  iblei 


iui^5  A^D  DismuBmox^piPEa 
Fto.  ut 


X 


and  F|g.  119  is  an  exterior  view  of  the  pipe,  showing  tlio 
9pirml  banding  of  hoop-iron,  and  the  asphaltum  covcrii^. 

The  manDfiK^tni^r's  ciiridar,  from  which  the  illoHtn- 
tioits  aie  copied,  states  that  the  pipes  made  under  tliia 


patent  are  from  white  pine  logs*,  in  sections  eight  feet  \ong. 
The  size  of  the  pipes  is  limited  only  by  the  size  of  the  suit- 
able logs  procurable  for  their  niannfactiiiv. 

Judged  by  schedules  of  factory  prices,  these  pipes  da 
not  appear  to  be  cheai>er  in  first  cost  than  wi'ought-iittti 
pipes. 


CHAPTEH  XXII. 

DISTRIBUTION    SYSTEMS,   AND    iLPPENDAGES, 

484,  LiOHH  of  Head  by  Friction,— In  the  chapter 
u^^ou  Jl&w  of  water  m  pipes  (XIII»  a/ite)^  we  have  diseusi^ed 
at  length  the  question  of  tlie  maximum  dlschaigiiig  ca- 
pacities of  pipes.  When  planning  a  system  of  distribution 
pipes  for  a  d<miest5c  and  fire  ser^dce,  it  is  quite  as  ini]iort- 
ant  to  know  how  mucli  of  the  available  liead  will  be  con- 
sumed by,  or  will  remain  after,  the  passage  of  a  given 
quantity  of  water  througli  a  given  pipe. 

For  a  really  valuable  lire  service,  the  fffectiM  head 
pressure  remaining  upon  the  pii>es,  idHJt  full  draiujJd^ 
slioiild  be,  in  commercial  and  nianiifaciuring  stations  of  a 
town,  not  less  than  one  hundred  and.  fifty  feet^  and  in 
suburban  secticms,  not  less  tlian  mie  hundred  feet 

Water  at  such  elevations,  near  a  town,  has  a  large  com- 
mercial value,  whether  it  has  been  lifted  by  the  o|K*rations 
of  nature  and  n^ained  by  ingenuity  of  man,  or  has  bt^n 
pumped  up  through  costly  engines  and  with  great  exjieud- 
iture  of  fuel. 

When  sucli  head  pressures  are  secured  at  the  expense 
of  pumps  and  fuel,  tliey  ai^  ton  costly  fo  be  squundpn d  in 
friction  in  the  pipits.  Such  fiictional  loss  entails  a  corre- 
sponding daily  exjMmse  of  fnel  so  long  as  the  works  t*xist 
In  such  case,  the  pipes  may  be  economically  increas*xl  in 
until  tlie  daily  frictional  exi>ensf»  capitalized,  approxi- 
mates to  the  additional  capital  r<H|uired  to  increase  the 

diametera. 


I 
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The  frictional 
by  the  formulB, 


head  A"  in  pipes  under  pressure,  is  found 


A"=&*(4m)^ 


2^tf 


Tlie  fiictional  head  for  a  given  diameter  is  as  the  squar 
of  the  veloi*ity,  nearly  (rV/?)  and,  for  different  diameter 
inversely  as  the  diameters. 

The  coefficient*  m  decreases  in  value  as  the  velocity 
inci-eases,  and  for  a  given  velocity  decreases  as  the  diametej 
increases. 

485.  Table  of  Frictioiial  Heads  in  Pii>e».— The 
foUowing  table  (No.  101,  p,  495)  we  have  prejmred  to  facili- 
tate frictional  liead  calculations,  and  to  show  at  a  glance  the 
frictional  effect  of  increase  of  velocity,  in  given  pipes  from 
4  to  36  inch  diameters.  The  second  and  last  cx)lumn8  show 
also  the  theoretical  volume  of  delivery  through  clean,  smooth^ 
pipes  at  different  given  velocities,  f 

The  fourth  column  gives  approximate  values  of  the 
coefficient  tti  for  given  diametem  and  velocities,  and  ta 
clean  smooth  pipes  under  pressure. 

*  Ylfk  Table  No.  (12*  pafre  248.  of  coeffldents  im)  for  clean,  gliglitlv  tuWfwl 
minted,  anil  foul  pipes ;  also  g  274,  page  250,  for  formula  of  frictioDal  reeiflfc-1 
ance  to  flow* 

t  There  will  be  a  alight  reduction  of  volume  and  velocity,  and  increase  of 
coeHirieiit  nu<l  frirtioti.  for  pAch  valve  and  branch,  and  material  chmnges  in 
tboei'  respects  if  the  pipes  are  rough  or  foul. 
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TABLE    No.    lOl. 


Frictional   Head  in   Main  and   Distribution  Pipes  (in  each 
looo  feet  length).      h"  =  v^'ij^)  — -.** 


Diam. 

of 
pipe. 

Volume  of 

wmter 
delivered 

Velocity 

of 

flow. 

Coefficient 

of 

friction. 

Frictional  head 
per  1000  feet. 

U.S.RaUon8 
in  a4  hours. 

Imckcs. 

Cu./tper 
mtn. 

Ftwtptr 

Feet, 

Gallons. 

4 

5 

.958 

.00714 

1,S21 

53.856 

7.5 

1.437 

.00695 

2.676 

80.784 

lO 

1.916 

.00680 

4.663 

107,712 

12.5 

2.387 

.00666 

7.114, 

134,640 

15 

2.865 

.00654 

10,06 

161,568 

17.5 

3.343 

.00644 

13.03 

188.496 

20 

3.831 

.00633 

17.32 

215.424 

6 

17.5 

1.409 

.00666 

1.643 

188.496 

20 

1. 701 

.00655 

2.366 

215,424 

22.5 

1. 913 

.0064S 

2.946 

242,352 

25 

2.126 

.00646 

3,628 

269.280 

27.5 

2.339 

.00638 

4.337 

296.208 

30 

2.551 

.00634 

6.126 

323.136 

35 

2.976 

.00623 

6.866 

376.992 

40 

3.401 

.00615 

8.838 

430,848 

45 

3.827 

.00610 

11.100 

484,704 

8 

30 

1.429 

.00644 

1.226 

323,136 

35 

1.685 

.00635 

1.680 

376,992 

40 

1. 910 

.00628 

2.124 

45 

2.143 

.00620 

2.664 

4841704 

50 

2.381 

.00615 

3.249 

538,560 

55 

2.619 

.00609 

3,893 

592,416 

60 

2.857 

.00603 

4.687 

646.272 

65 

3.095 

.00600 

6.366 

700,128 

70 

3.331 

.00596 

6.169 

753,984 

75 

3.571 

.00592 

7.036 

807,840 

80 

3.820 

.00589 

7,963 

861,696 

85 

4.048 

.00586 

8.948 

915.552 

90 

4.298 

.00584 

10.066 

969,408 

xo 

60 

1.835 

.00614 

1.641 

646,272 

70 

2. 141 

.00606 

2,071 

753,984 

80 

2.447 

.00597 

2.666 

861.696 

90 

2.752 

.00590 

3.331 

969.408 

100 

3.058 

.00584 

4,071 

IP77,I20 

no 

3.364 

.00578 

4,876 

1.184.832 

120 

3.670 

.00572 

6,743 

1,292,544 

130 

3.976 

.00569 

6,706 

1400,256 

140 

4.281 

.00566 

7,733 

1.507,968 

150 

4.587 

.00562 

8,816 

1.615.680 

•  Take  d  In  feet.    Vide  p.  504. 
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TABLE    No.    1  Ol— (Continued). 

Frictional   Head   in   Main    and   Distribution   Pipes  (in  each 
looo  feet  length). 


of 

Volume  of 

water 

mtM. 

Velocity 

of 
flow. 

Coefficient 

of 

&ictloiL 

FlicLiomiJhakd 
perioacif^l. 

U.  S.  Bmllonl 

Imdktt, 

Ftft. 

CaiUitr, 

^% 

ISO 

2.S4S 

.00581 

L\S4.f 

1*292-544 

140 

2,97a 

.00571 

.^.m 

1:507.968 

160 

3  09  7 

.00563 

4MS(i 

1.723.392 

ISO 

3.821 

.00555 

S.03S 

1^38  S16 

200 

4-346 

.00551 

6.171 

2,154240 

320 

4.66S 

.00546 

7.407 

2.369,064 

240 

5-09S 

.00542 

S.7S5 

2.585.o&i 

n 

17s 

2.731 

,00560 

s.mr 

1384^96^ 

300 

3.109 

-00553 

SM45 

2,154-240 

325 

3.493 

1          -00546 

s.sm 

3423,530 

350 

3.8S7 

-00542 

4.35^ 

2,6q2,8O0 

375 

4-275 

.00537 

4J*ii9 

2,962,0*0 

300 

4-665 

.0053S 

6.JJ^ 

3.231,360 

325 

5^053 

.00530 

7,^iS 

3,500,640 

350 

5457 

.00524 

8.7^^S 

3,769.920 

i6 

32S 

2,6S2 

-00554 

i.s:*7 

2,423,520 

250 

3-090 

.00538 

2,^0,^ 

2.692,S0O 

27s 

3.381 

.00536 

2,5m 

2,96  2, oSo 

3OD 

3.57^* 

.m%20 

3,15.^ 

3.23i.3^<> 

jas 

3.874 

.00526 

dJJ79       1 

3,SiX),640 

350 

4.172 

*00533 

4.-^4^      ' 

3,769,920 

375 

4.471 

-00520 

4^SU 

4.039,200 

400 

4.76S 

.00518 

n.4^^ 

4.308,45*0 

425 

s.oe6 

.00515 

«;./.5.9 

4.S77j6a 

450 

5.368 

.00508 

U.S4^H 

4.847,040 

475 

5-6^6 

,00510 

7.€r,7 

5,116,320 

500 

S.961 

.00507 

s^.ws 

5*335.600 

i8 

300 

3 ,  830 

.00530 

l.TSJ^ 

3,231,260 

350 

3-3or 

-00519 

J..i4^ 

3i76^M20 

400 

3-773 

.00513 

S.0J4 

4,3oa,4B0 

450 

4^245 

.0050S 

s.7fn 

4,^7P4^ 

500 

4.717 

.00504 

4^^U 

5,3^5,600 

550 

5-188 

.oo49g 

S,B*l^ 

5,924,160 

600 

5.660 

.00497 

6.594 

6.462.730 

650 

6.132 

.0049s 

T.TtiS 

7,OOI.2SO 

675 

6,367 

.00494 

A\-W 

7.37C^56o 
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TABLE    1  O  1  —(Continued). 

Frictional  Head  in  Main    and  Distribution   Pipes  (in  each 
looo  feet  length). 


Diam, 

Volume  of 
delivered. 

Velocity 

of 

flow. 

Coefficient 

of 

friction. 

FrictioniU  heui 
per  i«»  feet. 

la  Af  boui^ 

fmdUt. 

mtn. 

/wf. 

Ga/fifM, 

20 

350 

2.674 

.00516 

I.37S       1 

3,769,9*0 

400 

3^056 

.00509 

ISSi 

4,3oS^fto 

4SO 

3-43^ 

*  00503 

£,215 

4J47-040 

500 

3*»^2i 

.00500 

0.7iO 

5,385,600 

550 

4.202 

.00496 

j,as4 

5,924,160 

600 

4^535 

,00493 

S.M^ 

6,462,720 

Ho 

4-(j67 

,00490 

4. SOS 

7,001,280 

700 

5-341 

.00487 

5.  m 

7.53*^o 
§,073400 

750 

S.731 

.OUI84 

B.m 

Sod 

G  113 

,00481 

6,eB8 

8,616,960 

850 

6.495 

.00*79 

7. 710 

9-rS5.S20 

900 

6.87a 

.00477 

S,409 

9,694,080 

24 

550 

3.9id     1 

,OCh84 

l.^SO 

5.924*160 

600      1 

3^183 

.00483 

1.317 

6,462,720 

650 

3-449 

.00477 

1.76i 

7,001.380 

700 

3-714 

* 00475 

£.035 

7,539340 

750 

3^979 

.00473 

£,sm 

8,078,400 

Sqo 

4-345 

-00471 

2,iiM 

§,616,960 

850    ! 

4'Sio 

*  00469 

^.ms 

9*155.520 

900 

4  775 

.0^1467 

S.307 

9,694*010 

QSO 

s  041 

.00466 

S,6?S 

10,332,640 

lOOO 

5.306 

,00464 

4.057 

10.771,200 

1050 

,        S-571 

.00463 

4-4GS 

11,309,760 

Iigo 

5-B55       1 

.00462 

4^S71 

11,848,320 

1150 

6*100 

.00459 

3.684 

I2.j86,88o 

120D 

6-367 

.00457 

5.754 

12V935,440 

1350 

6.633 

.00455 

e.eis 

13,464-000 

37 

Boo 

3  3S3 

.00465 

2.4^0 

8,616,960 

900 

3-773 

.00461 

1,811 

9,694,080 

lOCXJ 

4.19a 

.00457 

SM7 

10,771,200 

1 100 

4,611 

»OQ453 

L^mB 

11,840,330 

laoo 

5-030 

,00451 

d.I50 

12,935.440 

1300 

5.454 

,00449 

3,mr 

14,003,5(^0 

140D 

S.&6S 

,00447 

4^^m 

15,079.680 

1500 

6,387 

-0044s 

4.S5U 

l6,l55,8cO 

1600 

6.707 

.00443 

5.502 

17,233.920 

1700 

7.1^ 

-00439 

e.i5s 

18,311,040 

32 
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TABLE    No.    1 01— (Continued)- 

Frictional   Head  in   Main  and    Distribution   Pipes  (in  ea 
looo  feet  length). 


DUm 

or 

pipe 

of 

Velocity 

CodBdeat 

of 

Frictional  hc»d 

U.  S.  f^Hoat 

.     ;ctL 

flow. 

|>er  XQoo  fcec 

fmcka. 

mtH, 

/W#, 

Gm/Umt. 

30 

[OCXl 

3-396 

.00448 

j.m4 

10,771,200 

1200 

4-075 

.00441 

2,SiO 

12,925,440 

1400 

4.754 

,00438 

2,^ 

15,079,660 

L 

1600 

5-433 

.00434 

3,S57 

17^233.920 

1 

1800 

6.112 

.00439 

4.009 

19,388,160 

1 

2QCK> 

6.791 

.OQ42S 

4MJ4 

2I,5424U0 

I 

3200 

7-471 

.00425 

S,S94 

23,6<;6,64<J 

w 

240a 

8.149 

.00421 

6.947       1 

25,850,8^0 

36 

1500 

3.536 

.00419 

J,OSS 

16,156^ 

2000 

4-708 

.00412 

i.sni 

21,542*400 

2500 

5-894 

.00406 

£.nm 

26,928,000 

K 

30«> 

7-073 

.00401 

4^154 

32.313,600 

■ 

3500 

6.253 

-00397 

S.59S 

37.6WJOO 

r 

4000 

9*431 

.00394 

r.r^r 

43^084.800 

486.  Ilelative  Dischiirf^iiifr  rujmrities  of  Pipes.— 
The  volume  of  water  delivered,  j,  by  a  pipe,  is,  as  we  ha? 
seen  (§  296),  t  qual  to  the  product  of  ite  sectiQu  S^  into  iti 
mean  velocity  of  flow  v^ 

q  —  Sv, 
The  equation  of  velocity  is, 

hence  we  have,  for  full  pipes, 

^  I    m  )  I  4m  \  I  4w  J 

By  uniting  the  two  terms  of  d,  within  the  vinculum^  w^ 
have  the  equation  of  volume,  q  =  6.302  |  7—^  h  ,  and 
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For  a  given  inclinatiou,  all  tlie  terms  in  tlie  right-hand 
member  are  constant,  except  d  and  m.     We  liave  tlien  tlie 

relative  discharging  powers  of  pipes,  as  the  quotients,  \/  — , 

or  nearly  as  the  squai-e  roots  of  the  filth  powei's  of  the 
diameters. 

By  transposition  of  the  equation  for  volume,  y,  we  have 

the  equation  for  diameter  of  long  }>ipes,  d  ^  .4789  \/"T"  i 

1 


and 


d  = 


S   1 


4q^m 


'2<7  ^  .61685/ 


i  '2gh  "^  .61686  f  '  ^^' 


By  tliis  we  perceive  tliat  the  relative  diameters  requiriKi 
for  equally  effective  deliveries  are  as  the  products  ^/^m^  or 
nearly  as  the  lifth  root^  of  the  squares  of  the  volumes. 

487.  Tnhle  iif  Kelative  ('aiiaeities  of  Fi|*eH.--The 
foUowuig  table  (No.  102)  of  approximate  relative  discharg- 
ing powers  of  pipes,  will  facilitate  the  proper  proportioning 
of  systems  of  pipe  distributions.  It  shows  at  a  glance  the 
ratio  of  the  square  root  of  the  fifth  power  of  any  diameter, 
from  3  to  48  inches,  to  the  square  root  of  the  fifth  power  of 
any  other  diameter  within  the  same  limit 

In  the  second  column  of  this  table,  the  diameter  1  foot 
is  assumed  as  unit,  and  the  ratios  of  the  squaii^  roots  of  the 
fifth  powers  of  the  other  diameters,  In/etty  are  given  opjio* 
site  to  the  respective  diameters  in  feet  written  in  the  first 
column.  Thus  the  approximate  relative  ratio  of  discharging 
power  of  a  3-foot  pipe  to  that  of  a  1  fcxit  pijie  is  as  16.588  to 
1 ;  and  of  a  .5  foot  ])ipe  to  a  l*foot  pipe  as  .1768  to  1 ;  also 
the  relative  dis<*}iarging  power  of  a  4-foot  pipe  (=  48-inch) 
is  to  that  of  a  2- foot  pipe  (=  24-inch)  as  32  to  5*657  ;  and  of 
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a  2.5-foot  pipe  to  the  combined  discharging  powers  of  a 
2^foot  and  1,5-foot  pipes  as  0.869  to  (5.657  4-  2,756). 

The  last  vertical  column  gives  the  diameters  in  inches, 
as  does  also  tlie  Iiorizontal  column  at  the  head  of  the  right- 
liand  section  of  the  table. 

The  numbers  in  the  intersections  of  the  horizontal  and 
vertical  columns  from  the  diameters  in  inches  give  also 
approximate  relative  discharging  capacities.  For  instance, 
if  we  select  in  the  vei*tical  column  of  diameters  that  of  the 
48'inch  pipe  and  desire  to  know  how  many  smaller  pipes  it 
is  equal  to  in  discharging  capacity,  we  trace  along  the  hori- 
zontal column  from  it,  and  find  that  it  is  equal  to  15,59. 
BJXteen-inch  pipes,  or  5.66  twenty-four-inch  pipes,  or  1,58 
forty-inch  pipes,  etc.  Also,  for  other  diameters,  we  find 
that  a  24-inch  pipe  is  equal  to  32  six  inch  pipes,  or  2.05 
eighteen-inch  pipes,  and  a  12-iuch  pipe  is  equal  to  5.05  six- 
inch  pipes. 

488.  Depths  *»f  PipeR*— The  depths  at  which  pipeej 
are  to  be  phiced,  so  they  shall  not  be  injured  bj^  traffic  oi 
frost,  is  a  niatter  for  s])ecial  local  study,  general  rules  being^ 
but  partially  applicable.  Tlie  depth  is  controlled  in  each 
given  latitude,  or  thermic  belt,  by  firat,  the  stability  of  the 
earth,  whether  it  be  soft  and  quaky,  or  heavy  clay,  or  clos 
sand,  or  rock;  second,  whether  the  ground  be  satiimted  by 
sor&ce  waters  that  remain  and  freeze  and  conduct  down 
frost,  or  by  living  springs  flowing  up  and  opposing  deep 
penetration  of  frost ;  tliird,  whether  the  ground  be  porous, 
well  nnderdrained  to  a  lev€4  below  the  pipes,  and  the  poi'es 
filled  with  air,  which  is  a  good  non-conductor  ;  and  fourth, 
whether  the  winds  sweep  the  snows  off  from  given  localities 
and  leave  them  unprotected,  or  given  localities  are  shaded 
and  the  severity  of  niglit  is  uncountemcted  at  noonday. 
Along  those  tJiermic  lines  whose  latitudes  at  the  Atlan- 
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tic  coast  are  as  given,  the  depths  of  the  axes  of  the  pij 
close  gravelly  soils,  may  be  approximately  as  follows ; 


TA  B  LE   -No.    103, 
Afproxihate  Depths  for  Axes  or  WATER-PiPEa 


DtAM. 

Latitudb 

Latttitok 

Latttudb 

DtAM. 

Latttvps 

LA-rmrDB 

LATmrni 

40    Kortli. 

43    Nonh. 

44"  Nortll. 

4rt<»  North. 

fa' North. 

44   Nonlfc 

D^/ik  9/ 

Dtptk^f 

B€Mh9/ 

D*pik^/ 

Depik  0/ 

Dtpa4 

»jtU. 

mxa. 

4ud*, 

^Jtrit, 

ojrtjr. 

«xm; 

// 

/      t* 

*     **       I 

*      n         ! 

** 

»      t* 

t      ** 

t       H 

4 

4-8 

5—a 

6—2 

30 

4 — 10 

5—  5 

6—3 

6 

4-8 

5—2 

6— a 

22 

4—10 

5—  5 

6-J 

8 

4-7 

5—1 

6-2 

24 

4— II 

5-6 

&-4 

lO 

4-7 

5—1 

6—2 

27 

4— II 

5—  7 

6-4 

12 

4-7 

5—1 

^2 

30 

5-0 

5-8 

6-4 

M 

4-^7 

5— « 

6—2      1 

33 

5— 0 

5—9 

6-S   1 

i6 

4-8 

5—3 

6—2 

36 

5-0 

5—10 

6-6 

jS 

4—9 

5—4 

6-3 

40 

5—  I 

5-11 

6-7 

There  is  a  general  impression  that  the  water  passed  into_ 
pipes,  will  in  a  very  short  time  take  the  tempemture  of  1 
giound  iu  which  the  pipes  are  laid.    Close  observation  do 
not  coiiRrm  this  impression. 

If  water  at  a  high  temperature  is  admitted  to  a  dee| 
pi]>e  system,  in  the  early  summer,  while  the  ground  is  ye 
cool,  the  consumers  will  derive  but  little  benefit  from 
coolness  of  the  eartli,  and  this  is  especially  the  case  whea 
the  pipes  are  coatc'd  and  liur*d  with  cements 

Frost  also  p?netmtes  at  various  points  as  low  as  the 
bottoms  of  sub-mains,  without  seriously  interfering  with 
the  flow,  and  water-pipes  are  often  suspended  beneath 
bridges,  where  ice  forms  in  the  river  near  by,  a  foot  or  mora 
in  thickness,  without  tiieir  flow^  being  interfered  witli.  An 
eight  or  ten  inch  pipe  ^vill  resist  cold  a  long  time  before  it 
will  freeze  solid. 

The  hydrants,  small  dead  ends,  and  service-pipes  are 
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most  sensitive  to  cold,  and  their  depths  and  coverings  should 
receive  especial  attention. 

Dead  ends  should  be  avoided  as  nnicli  as  possible,  and 
circidation  raaiatained  for  the  protection  of  tlie  pipes  against 
frost,  as  well  as  to  maintain  the  purity,  or  to  prevent  the 
fermentation  of  the  motionless  wat^r. 

489.  Eleiiieiitai^^  DiuienHioiiH  of  Pipes. — A  table 
of  the  elementary  dimensions  of  pipes  facilitates  so  much, 
pipe  calc!ilations,  tliat  we  insert  ifc  here  (p,  504),  The  last 
column  gives  also  tlie  quantity  of  water  required  to  till  each 
lineal  foot  of  the  pipes,  when  laid  complete,  or  the  qnan- 
tities  they  contain, 

4UO.  Distribiitioii  Systems, — We  have  now  reduced j 
to  tabular  form  the  data  that  will  assist  in  establisliieg  th€ 
proiMjrtions  of  the  several  parts  of  a  system  of  distribution 
pipes,  for  tlxe  domestic  and  tire  supply  of  a  town  or  city. 

For  illustration,  let  us  assume  a  case  of  a  thriving  young 
city  of  25,CKX1  inhabitants,  situated  on  the  bank  of  a  naviga- 
ble river,  and  that  the  contour  of  the  land  had  permitted 
its  streets  to  be  straight,  and  to  intersect  at  right-angles. 
In  such  case  its  system  of  distribution  pipes  will  foi-m  a 
series  of  parallelograms,  inclosing  one,  two  or  more  of  the 
city  blocks,  as  circumstances  requiR^,  substantially  as  is 
shown  in  the  plan  of  a  system  of  pipes,  Fig,  113* 

401.  liateH  of  CaniH^niiiiitioii  of  Water*— The  healthy 
growth  of  the  city  gives  reason  to  anticipate  an  increase  to 
35,tXX)  inhabitants  within  a  decade,  and  this  number  at 
least  should  be  provided  for  in  the  first  supply  main,  the 
first  reservoir,  and  such  parts  as  are  expensive  to  duplicate, 
and  a  larger  number  should  he  providixl  for  in  the  con- 
duit, and  such  parts  as  are  very  expensive  and  difficult  to 
duplicate. 

The  continued  jKipulari^tion  of  the  use  of  water,  and 
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TABLE    No.   104. 
Elementary  Dimensions  of  Pipes. 


IHameter 

Diameter. 

Cootoor. 

Secdonal  area. 

Hydraulic 
mean  radius. 

Cubical  COD- 
teats  ottUaal 

IncAes. 

Feet. 

Feet. 

Sf./eet. 

Cmbtc/eet. 

I 

.0417 

.1310 

.001366 

.0104 

.001366 

1 

.0625 

.1965 

.003068 

.0156 

.OO306& 

I 

.083 

.2618 

.005454 

.0208 

.005454 

li 

.1250 

.3927 

.01227 

.0312 

.01227 

li 

.1458 

.4581 

.01670 

.0364 

.01670 

2 

.1667 

•5235 

.02185 

.0418 

.02232 

3 

.250 

.7854 

.04909 

.0625 

.04909 

4 

.3333 

1.047 

.08726 

.0833 

.08726 

6 

.5000 

1.571 

•1963s 

.1250 

.19635 

8 

.6667 

2.094 

•3490 

.1666 

.3490 

lO 

.8333 

2.618 

.5454 

.2083 

.5454 

12 

1. 0000 

3.142 

.7854 

.2500 

.7854 

14 

1. 1667 

3.665 

1.069 

.2916 

1.069 

i6 

1-3333 

4.189 

1.397 

.3333 

1.397 

i8 

1.5000 

4.713 

1.767 

.3750 

1.767 

20 

r.6667 

5'^^5 

2. 181 

.4166 

2.i8r 

24 

2.0000 

6.283 

3.142 

.5000 

3.142 

27 

2.2500 

7.069 

3.976 

.5625 

3.976 

30 

2.5000 

7.854 

4.909 

.6250 

4.909 

33 

2.7500 

8.639 

5.940 

.6875 

5.940 

36 

3.0000 

9.425 

7.069 

.7500 

7.069 

40 

3.3333 

10.47 

8.726 

.8333 

8.726 

44 

3.6667 

11.52 

10.558 

.9166 

10.558 

48 

4.0000 

12.56 

12.567 

1. 0000 

12.567 

54 

4.5000 

14.14 

15.905 

1. 1250 

15.905 

60 

5.0000 

15.71 

19.635 

1.2500 

19.635 

72 

6.0000   ! 

19.29 

29.607 

1.5000 

29.607 

84 

7.0000 

21.99 

38.484 

1.7500 

38.484 

96 

8.0000 

1 

25.45 

50.265 

2.0000 

50.265 
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the  increasiiig  demand  for  it  for  domestic,  irrigating,  or 
mental,  and  mechanical  purposes,  with  the  increasing  wa^ 
to  which  they  aU  tend,  i-eqiiii-es  that  at  least  an  annua 
average  of  75  gaUons  per  capita  daily  must  be  provided  fo 
the  35,000  persons. 

In  our  discussion  of  the  vaning  consumption  of  wat€ 
(§  19),  it  is  shown  that  in  ceitain  seasons,  days  of  the  wet>l 
and  hours  of  the  day,  the  rate  of  consumption,  iiidei>endeD 
of  the  fire  supply,  is  seperUp-fiue  per  cent  greater  than  the 
aveiage  daily  rate  for  the  year.  In  anticipation  of  this 
varying  rate,  we  should  proportion  our  main  for  not  les 
than  ^tj/  per  cent,  increase  (=  75  x  1,50  =  112.5)»  or  for  ( 
rate  of  112,6  gallons  i^r  capita  daily,  wiiich  for  35,CK)0  pej? 
sons  equals  a  rate  of  365  cubic  feet  per  minute, 

492*  Rates  of  Fii'e  SiiiHilies. — For  fire  supply 
anticipate  t1ie  possibility  of  tvvo  fires  hajipening  at  the  sami 
time  requiring  ten  hose  streams  each.  The  minimum 
Bupply  estimate  is,  then,  twenty  hose  streams  of  say  31 
cubic  feet  per  minute,  or  a  total  of  400  cubic  feet  per  xninut 

The  combined  rate  of  flow  of  fire  and  domestic  supply  is 
(365  +  400)  765  cubic  fi?et  per  minute. 

49;^.  Diameter  of  Supply  Mabi.— Turning  now  to  the- 
table  of  Frictional  Head  in  Distribution  Pipes,  and  lookin 
for  volume  in  the  second  column,  we  find  that  a  24-ineli 
pipe  will  deliver  765  cubic  feet  jier  minute,  with  a  velocitj 
of  flow  of  about  4  feet  per  second,  and  with  a  loss  of  hf 
of  about  2.5  feet  in  each  thousand  feet  length  of  main. 
!K^inch  pipe  will  deliver  the  same  volume  with  a  velocitj 
of  flow  of  about  5.75  feet  per  second,  and  \iith  a  loss  a^ 
head  of  about  6  feet  in  each  thousand  feet  length.  Unk 
the  main  is  short,  this  velocity,  and  this  loss  of  head,  iuJ 
creased  by  the  loss  at  angles  and  valves,  is  too  great  We 
adopt,  therefore,  the  24-inch  diameter  for  supply  main. 
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494.  Diameters  of  Sub-Mains,  —We  bow  coiti|nite 

the  portions  uf  the  whole  supply  that  will  he  required  in 
each  section  of  the  city.  If  our  plan  of  distribution  is 
divided  into  twelve  sections,  then  the  average  section  sup- 
ply is  one-twelfth  of  the  whole.  We  find,  for  instance^  that 
Sec.  1  requires  85  per  cent,  of  the  average  ;  Sec.  3,  125  per 
cent,  of  the  average  ;  Sec.  12,  Knl  per  cent,  of  the  average  ; 
Sec.  22,  95  per  cent,  of  the  averfige,  etc. 

Now,  with  the  aid  of  the  table  of  relative  discharging 
ix)wers  of  pipes,  and  the  table  of  fiictional  heads  in  pipes, 
we  vtm  readily  assign  the  diameters  to  the  sub^niains  that 
are  to  distributt^  the  waters  to  the  seveml  section t^,  adding 
to  the  domestic  and  fire  supply  volumes  for  the  nearest 

ions  the  estimated  volumes  that  are  to  pass  beyond  thenj 
to  remoter  sections. 

This  done,  we  may  snm  np  the  frictional  losses  of  head 
along  the  several  lines  from  the  supply  to  any  given  point, 
and  deduct  the  sum  from  the  static  head,  and  see  if  the 
required  effectim  head  remains.  The  volume  and  effective 
Jiead  are  matters  of  the  utmost  importance,  when  the  pipes 
are  depended  upon  exclusively  to  snpply  the  watei-s  re- 
quire^d  for  fire  extinguishment.  The  laek  of  these  has  cost 
several  of  oiir  large  cities  a  million  dollars  and  more  in  a 
single  night. 

An  insjiection  of  the  table  of  Frictional  Head  shows  how  ' 
rapidly  the  friction  increast^s  when  velocity  increases.     Ilie 
increase  of  frictions  are,  in  the  same  pipe,  as  the  inci-ease  of 
squares  of  velocities  {v^m\  nearly. 

495.  Maxim  II  111  Vc*locities  of  Flow. — As  a  general 
rule,  the  velocities  in  given  pipes  should  not  **xcriMl,  in  feet 
per  second,  the  mtf^s  stated  in  the  following  table  for  the 
leipective  diameters. 
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TABLE    No,    lOB. 
MAXiMtm  VELocrTiES  OP  Flow  in  Supply  and  Distrjbutiqii  Ptpss. 


V«iocii>%  ill  ft  p«r  mtc. 


3  3 


»      14 

3' I    3  9 


t8 


♦•7 


a4  j  »7 

5-3    58 


6.1 


^1^ 


496*  roiuimrative  Frictions.— As  n?gartl8  friction 
alone  in  any  given  pipe,  it  does  not  matter  whether  the 
water  is  flowing  up  a  hill  or  down  a  hiU,  or  materially  if 
the  pressure  is  great  or  little;  or  in  long,  conical,  and 
smooth  pipes,  whether  the  water  is  flowing  toward  the  large 
end  or  toward  the  small  end.  The  total  friction  will  be  the 
same  in  both  directions  in  the  first  case,  and  will  also  be  the 
same  in  both  directions  in  the  last  case.  In  the  conical 
pipe^  however,  the  friction  per  unit  of  length,  or  per  lineal 
foot,  will  be  less  than  the  average  at  the  large  end,  because 
tlie  \^^locity  of  flow  will  be  less  there,  and  more  than  the 
avenige  at  the  small  end*  The  total  frictional  head  will  be 
the  same  as  though  the  whole  pipe  had  a  uniform  diameter 
Just  i»qiml  to  the  diameter  in  the  conical  i>ipe  at  the  point 
where  the  friction  is  equal  to  the  average  for  the  whole 
length, 

497*  Kelativo  Rate»  of  Flow  of  Domestic  and 
FIrt*  Siiiiplies.— The  actual  consumption  of  water  by  the 
fire  de[>artment  for  the  extinguishment  of  fires,  in  any  city, 
|HT  annum,  is  very  insigniticant  when  conipaivd  with  either 
the  domestic,  the  irrigutiuii  and  street  sprinkling,  or  the 
mechanical  supply  for  the  same  limit  of  time,  yet  it  has 
appeared  above  that  the  pipe  capacity  required  for  the  fire 
w*nnce,  in  the  general  main  of  a  small  city,  exceeds  that 
nHpiinnl  for  the  wliole  remaining  consumption.  If  we 
examine  this  ipiestion  still  closer,  taking  a  length  of  1200 
fcHH  of  disti'ibutiou  pipe  in  a  closely  built  up  section  of  tlie 
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City,  we  find  on  the  1200  leet  length,  say  40  domestic  j^ervice 
pipes,  and  constimption  of  say  750  gallons  each  per  day,  or 
total  of  15000  gallons  per  day.  Making  due  allowance  for 
filly  per  cent  increase  of  flow  at  ceilain  hours,  we  have  a 
required  delivery  capacity  of  1.5  cubic  feet  per  minute  to 
cover  this  whole  consumption.  On  tlie  same  12W  feet  of 
pipe  there  are.  say  four  fire-hydmnts.  If  in  case  of  fire  we 
take  from  tliese  hydrants  only  lour  streams  in  aU,  of  20 
cubic  feet  per  minute  eacli,  we  require  a  delivery  capacity 
of  80  cubic  feet  per  minute.  In  this  case,  wliich  is  not  an 
uncommon  one,  the  required  capacity  for  the  fire  service  is 
to  that  for  the  remaining  seiTice  as  80  to  1,5, 

If  the  given  pipe,  1200  feet  long,  is  a  six-inch  pipe,  sup- 
plied at  both  ends,  then  the  delivery  for  fire  at  e^ich  end  is 
forty  cubic  feet  per  minute.  Referring  to  the  table  of  fric- 
tional  head,  we  find  that  tliis  ciuantity  requires  a  vehx^ity  of 
flow  of  3,401  feet  per  second,  and  consumed  head,  io  fiic- 
lion,  at  the  rate  of  8.8  feet  per  thousand  feet. 

If  the  80  cubic  feet  per  minute  must  all  come  from  one 
end  of  the  pipe,  then  the  pii>e  sliould  be  eight  inches  diam- 
-eter,  in  which  case  the  velocity  will  be  nearly  four  feet  i)er 
second  and  the  head  consumed  at  the  rate  of  about  eight 
feet  per  thousand  feet  length. 

498.  Required  DiaiiieterH  for  Fire  Siipi^IieB.— 
Am  a  general  ride,  the  minimum  diameters  of  pii)es  for  sup- 
plying given  numbers  of  liydrant  streams,  when  the  given 
pipes  are  one  tliousand  feet  long,  and  static  head  of  water 
one  hundi^  and  liity  feet^  are  as  follows : 
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TA  BLE     No.    106, 
Diameters  of  Pipes  for  Given  Numbers  of  Hose  Stre 
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Required  diameter  of  pipe,  id  inches^. 
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1 

K  the  pipes  are  short,  the  velocities  of  flow  may  be 
increas*?d  somewliat^  for  a  greater  ratio  of  loss  of  head  per 
unit  of  length  is  then  jiennissible. 

If  the  pipe  is  supplied  from  both  ends,  then  the  ninnber, 
of  hose  strearas  may  be  doubled  without  increase  of 
frictioual  head  ;  hence  the  advantage  of  so  distributing  th 
sub-mains  as  to  deliver  a  donble  supply  to  as  many  poim 
as  possible,  for  this  is  equivalent  to  doubling  the  capaci 
of  the  minor  pipes.    If  the  pii)es  are  several  thousand  ft 
long,  and  have  a  large  proportionate  domestic  draughty 
then  a  due  increase  should  be  given  to  the  diameters, 

409.  Duplieatioii  Arraiiirenioiit  of  Hub.>Iain8* 
When  the  sub-mains  can  be  distiilnited  in  jmrallel  lines, 
several  squares  distance,  and  '*gridironed"  acmss  by  th 
smaller  service  mains,  as  in  tlie  plan.  Fig,  113,  or  arrange 
in  some  equivalent  manner,  then  a  most  excellent  systei; 
wUl  be  secured.     In  such  case,  if  an  accident  hapj^ens  to 
pipe,  or  valve,  or  hydrant,  in  any  centnd  location,  there  ai 
at  least  two  lines  of  sub-mains  around  that  point,  and  the 
supply  will  with  certainty  be  maintained  at  points  beyond. 

Pipes  are  always  liable  to  accident  in  consequence  q9H 
building  excavations,  sewerage  excavations,  sewer  over-^^ 
tlows»  quicksand  or  clay  slides,  floods,  and  various  other, 
causes  that  cannot  be  foreseen  when  the  pipes  are  laid ;  an< 
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when  new  hydmnts  are  to  be  attaclied,  or  large  pipe  con- 
nections to  be  made,  or  repairs  to  be  made,  it  is  frequently 
nect»ssary  to  shut  oft*  the  water.  Tiie  advantage  of  dupli- 
cate lines  of  supply  to  all  points  is  apparent  in  such  case. 
When  a  city  has  become  dependent  on  its  pipes  for  ita 
water  supply  and  protection  from  fire,  it  is  absolutely  neces- 
sary that  the  supjily  be  maintained,  and  the  result  may  be 
disasti'ous  if  it  faiJs  for  an  liour, 

500.  Stop-Viilve  SyHtem.— It  is  equally  advantage^ 
0U8  to  have  a  sufficient  number  of  stop-valves,  or  ** gates,'* 
M  they  are  frequently 
termed,  uyaMi  the  pipe, 
so  tlie  water  may  be  shut 
off  from  any  given  point 
without  cutting  off  the 
supply  from  both  a  long 
and  a  broad  temtoiy,  or 
even  a  very  long  length 
of  pipe.  The  sub-main 
parallelogi'am  system 
shown  in  the  plan,  Fig. 
1 J  3,  permits  of  such  an  ar- 
rangement of  stop-valves, 
chiefly  of  small  diamett*rs 
and  inexpensive,  tluit  an 
accident  at  any  point  will 
not  leav<-  that  point  with- 
out a  tolerable  tire  pro- 
tection from  both  sides. 
For  instance,  if  it  is 
necessary  to  shut  off  in  «udv'*  stop-vaivk, 

^       „^       ,  tH.  O.  Wood  *  Co.,  Hhikddphlt.) 

Section  2  a  ]>art  of  East 

Fourth  Street  beti^een  Avenues  A  and  D,  the  hydrants 
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the  corners  of  East  Third  and  Fifth  Streets  will  still  be  ara! 
able.  If  the  gates  are  placed  at  each  bmnch  from  the  sul 
mains,  and  at  the  iutersections  of  the  sub-mains,  as  thej 
should  be,  then  an  accident  to  a  sub-main  will  not  m 
sitate  the  shutting  off  of  any  service-main  joining  it.  for  ll 
service-main  supplies  can  be  maintained  from  the  oppositi 
ends.  Wherever  cross  service-mains  are  required,  as 
Avenues  B  and  C,  in  Section  3  in  the  plan,  they  nmj- 
under  the  other  service-mains  whose  lines  tliey  cross  and 
have  gat4?s  at  their  end  branches  only,  which  admlt^s  of  their 
being  readily  isolated, 

50 K  Stop- Valve  Locutions* — A  systematic  disi>osi*j 
tion  of  the  pipes  generally  should  be  adi»i)ted.     If  the  pip 
are  not  placed  in  the  eerUres  of  streets,  they  should  be  place 
with  strict  nniforniity  at  some  certain  distance  from  tl 
centre  of  the  sti-et^,  and  carefully  aligned,  and  unifurnily" 
upon  the  same  geographical  side,  as,  upon  tlie  norUierly  and 
westerly  side.     Tim  stop-valves  should  be  disposed  also, 
with  rigid  system,  as,  always  in  the  line  of  the  street  boun- 
dary, the  line  of  the  curb,  or  soma  fixed  distance  from  th^ 
centre  of  the  str^^t.    An  accident  may  demand  the  prompt' 
shutting  of  any  gate  of  the  whole  number,  at  any  moment 
of  day  or  night ;  and  if,  perchance,  its  curb-cover  is  hidden 
by  frozen  earth  or  by  snow,  it  is  impoitant  to  know  exactlj 
where  to  strike  without  first  journeying  to  the  office  and 
searching  for  a  memorandum  of  distances  and  bearings/" 
Searching  for  a  gate-cover  buried  under  frozen  eartli  is 
tedious  operation,  and  it  is  not  always  ix>s8ible  to  uncove 
every  one  of  several  liimdred  gatt^s  after  every  thaw  and 
every  snow-storm  in  winter. 

Sti-ict  adherence  to  a  system  in  locating  gates  enabled* 
new  assistants  to  readily  leani  and  to  know  the  exact  posi- 
tion  of  them  alL 
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Strict  fidberence  to  system  in  locating  pipes  is  reqiiisite 
for  the  strict  location  of  gates,  and  pi|>es  should  be  cuf^  if 
necessary,  to  bring  the  gates  to  their  exact  locations.  If  a 
gate  is  a  half-length  of  pii>e  out  of  ]>osition,  it  may  cost 
several  hom*s  delay  iu  digging  earth  frozen  hard  as  a  sand- 
stone rock,  to  find  the  gate-cover.  i 

502.  Blinv-oli;  and  Waste  Valves*— Wlien  pipes  are] 
located  upon  unduIatiBg  ground,  blow-off  valves  and  pipes  I 
will  be  required  in  the  principal  depressions  of  the  mains  1 
and  sub-mains,  to  flush  out  the  sediment  that  is  deposited 
from  nntiltered  waten    The  diametei^s  of  the  blow-off  pipes 
may  be  about  lialf  the  diameters  of  the  mains  from  which 
they  branch.     Smaller  wastes  will  answer  for  the  drainage 
of  the  service-main  sections  for  repairs  or  connections,  and 
these  nmy  lead  into  sewers,  or  wherever  the  waste-water 
may  be  disposed  of. 

503.  Stop- Valve  Detiiils. — A  variety  of  styles  of  stop- 
valves  ai-e  now^  offered  by  different  manufacturers,  and  a 
special  advantage  is  claimed  for  each,  so  tJiat  no  little  prac- 
tical sagacity  is  required  on  the  part  of  the  engineer  to  pro- 
tect his  works  from  the  introduction  of  weak  and  defective 
novelties,  that  may  prove  very  troublesome. 

He  must  obsei-ve  that  the  valve  castings  are  so  designed 
as  to  be  strong  and  rigid  in  all  parts,  that  there  are  no  thin 
spots  from  careless  centring  of  cores ;  that  flat  parts,  if  any, 
are  thickened  up,  or  ribbed,  so  they  will  not  spring  ;  that 
the  valve-disks  are  so  supported  as  not  to  spring  \mder 
great  pressures,  and  that  they  and  their  seats  are  faced  with 
good  qualities  of  bronze  composition  and  smoothly  scraped, 
ground,  or  planed,  and  that  they  will  not  stick  in  their 
seats ;  that  the  valve-stems  are  pariicularly  strong  and  stiff, 
with  str*)ng  square  or  lialf-V  threads,  and  that  they  and 
their  nuts  are  of  a  tough  bronze  or  alumiuum  compositioo. 
33  I 
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Lt  t)u>w  s  St  I M-- VALVE— (Ludlow  Muiufacttirln^  C«.»  TroyX 

Figs,  114  hi  119a  illustrate  the  prmcii>al  features  of 
valves  that  have  been  well  introduced. 

A  majority  of  the  good  valves  have  double  disks,  thatJ 
are  self-adjusting  upon  their  seats,  and  their  seats  are^ 
slightly  divergent,  so  that  the  pressure  of  the  sci-ew  can  sety 
the  valve-disks  snug  upon  the  seats. 

The  loose  disks  should  have  but  a  slight  rocking  move- 1 
ment  between  their  guides,  and  must  not  be  permitted  tol 
chatter  when  th(*  valve  is  partially  open. 

The  blow-off  valves  may  be  solid  or  single-disk  valves, 
but  the  valves  in  the  distribution  must  be  tight  against] 
pressure  from  both  and  either  sides,  whether  the  difference] 
of  pressure  upon  the  two  sides  be  much  or  little. 

Valves  exceeding  twenty  inches  diameter  are  usuaUy ' 
placed  upon  their  sides,  except  in  chambers,  and  the  disks 
have  lateml  motions,  or  sometimes  the  valve-cases  are  so] 
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arranged  that  the  disks  have  vertical  downward  motiona 
Otherwise  the  water  in  the  valve-domes  would  be  too  inuch^ 
exposed  to  frost  in  winter,  as  it  would  rise  nearly  to  the 
ground  surface. 

504.  Valve  Curbs.— The  stop-valve  curbs  are  some- 
times of  chestnut  or  pitch-pine  plank,  with  strong  cast-iron 
covers,  and  sometimes  of  cast4ron,  placed  upon  a  founda- 
tion of  bricks  laid  in  cement. 

The  plank  curbs  are  about  eighteen  by  twenty-four 
inches  dimensions  at  top,  flaring  downward  according  to 


the  size  of  the  valve^  and  they  are  often  of  such  dimensions 
as  to  admit  a  niati,  with  room  to  enable  him  conveniently  to 
renew  the  packing  about  the  valve-stem. 
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The  cuijt-irua  curte  are  iLsaaliy  elli|jtical  in  section. 
The  writer  lias  used  in  sereral  cities  for  the  smaller  gales, 
up  to  twelve  inches  diameter^  circular  curbs  iPig.  120 »  of 
beion  coiffnet,  with  cast-iron  necks  and  carers.  The  neck  is 
six  inches  clear  diameter  at  the  road  surface^  Hfteen  to 
eigliteen  inches  deep,  according  to  the  siie  of  the  valvp,  and 
flares  to  the  size  of  the  cement  Q.m:%  which  is  just  lai^sre 
enough  to  slip  over  the  dome-flange  of  the  val^e-case.  Tlie 
cement  cnrb  rests  upon  a  foundation  of  brick  or  stone  laid 
in  cement  mortar. 

\\lien  these  are  paved  about,  the  whole  surface  exposed ' 
is  only  seven  and  one-half  inches  diameter,  and  tliey  araj 
not  as  objectionable  in  tlie  streets  as  the  larger  covers. 

All  gate-curbs  must  l>e  thoroughly  drained^  so  that 
water  caimot  stand  in  them,  and  freeze  in  winter. 

505.  Fire'IIyflraiits*— The  design  of  a  fire-hydrant 
tliat  is  a  success  in  eveiy  particular  is  a  great  achievement. 
It  ranks  very  nearly  with  tlie  design  of  a  successful  water* 
meter. 

Nearly  every  speculative  mechanic,  it  would  seem,  who 
has  had  employ  in  a  macIiine'Shop  for  a  time,  has  felt  it 
his  duty  to  design  tlie  much-needed  successfid  hydrant ; 
so  many  doctors  and  lawyers  have  grappled  with,  and' 
believed  for  a  time,  that  they  had  solved  the  great  meter 
problem. 

Innumerable  patterns  of  hydrants  are  urged  upon  water 
companies  and  engineers,  and  are  accompanied  by  an 
abundance  of  certiflcates  setting  forth  theii*  excellence ;  and 
many  of  them  have  good  points  and  will  answer  all  practi- 
cal purposes  until  an  emergency  comes,  when  they  fail,  and 
the  experiment  winds  up  \\ith  a  loss  that  would  have  paid  i 
for  a  thousand  rt^liable  hydrants,  1 

A  considemble  practical  experience  with  hydrants,  and 
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au  expert  knowledge  of  the  qualities  demanded  in  the 
design  and  materialtj  of  a  hydiimt,  are  necessary  to  enable 
one  to  judge  at  sight  of  the  value  of  a  new  pattern. 

500*  Post-Hydrniits* — In  tlie  smaller 
towns  and  in  the  suburbs  of  cities,  post- 
Jiydrants^  of  which  Fig.  121  illustnites  one 
pattern,  are  more  genemlly  preferred,  as 
they  are  more  i*e4ulily  found  at  nighty  and 
are  usually  least  expensive  in  first  cost 

They  are  placed  on  the  edge  of  tlie 
sidewalk,  and  a  bmnch  pipe  from  the 
service  main  furnishes  them  with  their 
water.  If  the  sendee  main  is  of  sufficient 
capacity,  the  post-hydrant  may  have  one, 
two,  three,  or  four  nozzles.  In  cities  where 
steam  fire-engines  are  used,  a  large  nozzle 
is  added  for  the  steamer  supply,  and  if 
there  is  a  good  heatl  pressure,  two  nozzles 
are  usually  supplied  for  attaching  leading 
hose. 

For  the  supply  of  two  hose  streams,  or 
a  steamer  throwing  two  or  more  streams, 
the  hydrant  requires  a  six-inch  branch 
pipe  from  the  service  main,  and  a  valve  of 
equal  capatrity.  The  supply  to  post-hy- 
drants has  too  often  btn^n  tlirr^ttled  down, 
when  there  was  no  head  pressiuT?  to 
spare,  and  the  effectiveness  of  tlie  hy- 
drant very  much  reduced  thereby. 

507.  llydniiit  Details.— In  New 
England  and  th4>  Northern  States,  a 
/rast-casf  is  a  necessary"  ni)|>endage  to 
a  poat-hydrant,  and  it  must  be  free  to 
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move  up  and  down  witli  the  expansion  and  rofiini< mni  ux 
the  earth,  without  straining  upon  the  hydrant  hase.  In 
clayey  soils,  these  frost  cases  are  often  lifted  several  inches 
in  one  winter  season,  and  if  the  post  is  not  supplioii  with 
the  movable  case  in  such  instanoee,  it  is  liable  to  be  torn 
asunder, 

A  waste-valve  must  be  provided  in  every  hydrant  that 
will  with  ceilainty  drain  the  hydrant  of  any  and  all  water 
it  contains  as  soon  as  the  valve  is  closed,  and  tJie  waste 
must  close  automatically  as  soon  as  the  valve  bt^ns  to 
open. 

The  niaiii  valve  must  hepnsifivelp  tight,  or  great  trouble 
will  be  ex|M?rienced  with  tlie  hydrant  in  severe  winters,  A 
moderate  leakage,  as  in  some  stop-valves,  cannot  be  per- 
mitted. A  free  drainage  must  be  provided  to  pass  away 
the  waste  water  from  the  hydrant,  or,  if  the  hydrant  is  fn** 
quently  opentMi,  for  testing  or  use,  the  ground  will  soon  be* 
come  saturatt'd  and  the  hydrant  cannot  properly  drain. 

If  the  valve  closes  '^witli"  the  pressure  there  must  be 
no  slack  motion  of  its  stem,  or  when  the  valve  is  l>elng 
clostxl  and  lias  nearly  I'eacht:^  its  seat,  the  force  of  the  cur- 
rent will  throw  it  suddenly  to  its  seat  and  cause  a  severe 
water-ram. 

The  screw  motion  of  hydrant  valves  must  be  such  that 
the  hydrant  cannot  be  suddenly  closed,  or  with  less  than 
t**u  comi»l«*te  n* volutions  of  \h^  screw.  The  valves  should 
move  skiwly  to  their  seats  in  all  cases,  as,  if  several  hydrants 
hupiH'u  to  ho  closed  simultaneously,  the  water-mm  caused 
then^bv  may  exert  a  great  strain  upon  the  valves,  and  the 
sho**k  will  bi*  felt  to  some  extent  throughout  the  whole 
£fyiiy(eiii  of  pipes.  Tlie  sudden  closing  of  a  hydrant  may 
nuike  a  gauge,  attached  to  the  pipes,  that  is  more  tliau  a 
mile  dlstaut,  kick  up  fifty  or  sixtj^  pounds. 
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If  a  liydmnt  branch  is  taken  from  a  main-pipe  or  snb- 
main^  there  should  be  a  stojj-valve  betwe*.*n  the  main  and 
hydjimt,  8o  tlie  hydrant  may  be  repaired  without  shutting 
off  the  flow  througli  tlie  main, 

In  1874  the  writer  made  some 
measurements  of  the  quantities  vf 
water  delivered,  under  different 
heads,  tlirough  Boston  Machine 
Co,  Post  Hydrants,  wljich  are  sim- 
ilar in  form  to  the  Mathews  Hy- 
drant (Fig.  121).  The  volume  of 
water  was  measured  by  passing  it 
through  a  3-inch  Union  water-meter, 
which  was  connected  to  eaeh  liy- 
drant  by  a  lengtli  of  fire-hose. 

The  length  of  hose  between  the 
bydrant  and  meter  in  each  and 
every  exjieriment  was  49  feet  10 
inches,  Tlie  bores  of  the  hydrant 
nozzles  and  of  tbe  bose  and  meter 
couplings  w^ere  two  and  one-quar- 
ter inches  diameter.  The  hydrant 
branches  were  six  inches  in  di- 
anieter,  and  hydrant  barrels  four 
and  one-half  inches  diameter.  The 
lengths  of  hose  given,  following, 
were  in  all  cases  beyond  t!ie  meter, 
and  were  attached  to  tlie  meter. 

The    hydrant    was    filled    with 
water  and  pressure  without  flow,  taken  by  a  gauge  jnstj 
previous  to  the  beginning  of  each  test. 

The  following  tests,  at  diffen^nt  eh  vations,  covers  a  range 
of  head  pressures  between  42  feet  and  183  feet : 
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TABLE    No.   1  07. 
EXPBRIMENTAL    VOLUMES    OF    HyDRANT    STREAMS. 


RSMARKS. 


PruBure 

before 

test  lbs. 


Delirery 

ca.fc 

per  minute. 


A.    42  Feet  Head. 
OfhUi  Qossle  of  meter,  2j^  inch  diameter  . 

;  iock  Qonle  attaiched  to  meter 

i#    '•        "  "         "      "      

i{  *'  "  on  55  feet  I 
i^  *  u  "  io8  "  III 
v>p«u  butt  of  io8    "     iij 


18.23 


inch  of  hose . 


B.    110  Feet  Head. 

Op«ii  nozzle  of  meter,  2i  inch  diameter 

i^  inch  nozzle  attached  to  meter 

i*    '*         '*      on    53  feet  II    inches  of  hose. 
i{    "         "       "   108    *'     iij      "        «•      "    . 

C.    186.8  Feet  Head. 

Op«Q  nozzle  of  meter,  2\  inch  diameter , 

il  inch  nozzle  attached  to  meter 

I J    "         "      on  55  feet  i  inch  of  hose 


D.    188.18  Feet  Head. 


iJ^  inch  nozzle  on    55  feet  10    inches  of  hose 
ij    "         "       ^    loS    **      4\      "        "     " 

ij    ' 162    "      7        "        "      " 

Ovcu  butt  of         162    **      7        "        '•      " 


47.74 


59.24 


79-5 


20.376 
9.372 
12.550 
12.096 
11.382 
15.342 


40.000 
24.666 
21.276 
20.408 


43.974 
24 -390 
23.526 


27.648 

25.974 
24.648 
33.672 


Friction  of  flow  in  ordinary  fire-hose  consumes  pressure 
mpidly,  the  reduction  being  directly  in  proportion  to  the 
length,  and  also  as  the  square  of  the  volume  or  velocity  of 
WHt^r  flowing,  except  as  the  couplings  disturb  these  nearly 
uniform  increments.  The  friction  in  2^  inch  ordinary  fire- 
hots^  will  be  found  approximately  by  the  following  formulas 
expivfistsing  loss  of  head  in  pounds,  j9,  per  square  inch. 


bVr  rubber  hose,       p  = 


_     i^'    . 


28206P' 


t^MT  Wi^ther  hose, 


P  = 


»     ^9" 


2620^*' 


(4) 
(5) 
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in  which  I  =  length  of  hose  in  feet,  q  =  gallons  of  water 
discharged  from  the  hose  per  minute,  and  d  the  diameter 
of  the  hose  in  inches. 

The  following  table  of  friction  loss  in  hose  has  been 
computed  from  published  data  of  the  valuable  experiments 
of  Messrs.  Ellis  and  Leshure. 


TABLE     No.    107a. 

Pounds   Pressure   lost   by   Friction  in  each   ioo  feet  of  2\ 

jNCH  Fire-Hose,  for  given  Discharges  of 

Water  per  Minute. 


H 

Hoi4,  m  lbs.  per  iq.  ro 

Fr0a»uir«  m.  Ho«e  Noml^ 

II 

461 

...7. 

am 

19.00 

4« 

j»4 

50 

173 

13.10 
aig 

a?! 

30.11 

3*7 
40,W 
♦3^38 

60 

13E.6 

161*7 

So 
1S4.8 

^ 
»^'» 

itfl. 

i  G»Uon«  discharf  e<]  . . . 

^  Rubber  hosum  Lbi      

LeaUicT  bosc.  Lbs , .  * 

.It 
15  J4 

so.  5^ 
35-W 

Sa4» 

17-79 

1159 

37.61 

41.57 

»t9 

17^ 

17.00 
at  .41 

19-ao 
»^ 

JD-OD 

35**4 

49*4* 
S3,  as 

439 

A73 

■43 

^  Kubbcr  hose,  lbs.   „,      , 
(  Lenher  bosc,  lbs     .     ... 

t  Gmiloos  dlacbirifcil  .   .. 

^Rubber  hose.  i\A 

(L«tbcrbose,  lbs 

GmUcms  disctittts«d 
-i  Rtibbcr  hcHc    Ibi,..   ..,  , 
UAiherhoK,  lbs 

310 

3907 
3S3 

S5<» 

5** 
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TABLE     No.    1076. 
HnVRANT  AND   HoSE   STREAM    DaTA.        HORIZONTAL  AND   VERTICAL 

Distances  of  Jets. 


t 


=  i 


Pressure  at  Hose  Nozsle 


^Z        Hesd.  a  ib».  per  aq.  m  . 


«  Honsootal  DaL  ot  Jet 


tGAlkttS  iiackmecd 

iSn-  <  Horix  nal  Dis.  «>f  Jet... 
fVerood         ••       •'     ... 

I  OaDimbi  <2x»;kirpe«2.       ■ 
i^  in.  -  H.vuootau  Dst.  o:  Jet 

»Verk*l         -        ••      ... 

iGaIKxis  doduiirrd. 
i\  -JL  '  H.^rivxitml  Dtst.  of  Jet 

'Venx^l         -       ••     .  . 


^3 

40 
9*4 

50 
115.5 

60 

138.6 

lfi.7 

80 
184.8 

90 
ao7.9 

too 

S3x^ 

no 
70 

43 

>34 

«5S 
109 

79 

94 

.89 
108 

lai 

«3« 

aw 

178 
140 

I4» 

'39 

43 

170 

19^ 

•1? 

ai9 
13a 
97 

'*2 
148 

iia 

I  as 

«77 
175 

>3r 

.48 

3«o 
»93 
157 

73 

43 

9tO 

n 

«4a 
tt8 
8s 

*71 
138 

99 

"5 

3ao 
17a 
ia9 

»4^ 

J54 

383 
ao7 
X64 

»o7 
75 
44 

»53 

100 

65 

393 
85 

loa 

..8 

184 
«33 

4x3 
200 
X46 

439 

46» 

_ 

_  

— 1 



50H.  Flush  Hydrants. — A  style  of  flush  hydrants  that 
may  be  placed  under  a  i)aved  or  flagged  sidewalk,  near  the 
edge,  is  shown  in  Pig.  122.  This  style  may  have  one,  two, 
or  three  fixed  nozzles. 

Figs.  123  and  124  illustrate  a  style  of  hydrant  with  a 
portable  head.  This  style  is  manufactured  under  the 
Lowry  patent  It  is  designed  to  be  placed  at  the  intersec- 
tions of  mains,  in  the  street,  or  in  the  line  of  a  main,  but 
may  be  placed  in  the  sidewalk.  In  either  case  it  is  placed 
within  an  independent  curb,  and  the  cast-iron  case  rises 
about  to  the  surface.  The  portable  head  is  of  brass  and 
composition,  nicely  finished,  as  light  as  is  consistent  with 
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strength,  and  is  usually  carried  upon  the  steamer  or  tliei 
hose  oarriage.     It  has  any  desired  number  of  nozzles,  from 
one  to  eighty  each  of  which  has  its  independent  supplemen-| 

^tary  valve. 

In  the  centre  of  the  portable  head  is  a  revohing  key  that 
operates  the  main  valve  stem. 

5i)i>.  Gate  I lycb'aiits-— A  variety  of  metallic  **gate**1 
hydrants  have  been  introduced^  from  time  to  time,  and  had ' 
a  brief  existence,  but  the  majority  of  them  have  been  soon 
abandoned.  The  most  minute  particle  of  grit  upon  their  ] 
faces  gives  tremble,  and  they  are  much  more  likely  to  stict, 
tliau  valves  of  good  sole-leather  or  of  rubber  propf^rly  pre*] 
pared,  and  clamped  between  metallic  plates.    Gate  hydrant.n 

r of  good  design  and  excellent  workmanship,  should  be  fully 
successfid  with  tilten-d  water. 

The  rubbt*r  of  valves  requires  to  be  very  skillfully  tem-j 
j)ei^,  or  it  will  be  too  soft  or  too  hard.    It  hardens,  also^j 

|M  the  temperature  of  the  water  lowers. 

5IfK  tli^li  PresHures.^But  a  few  years  since  thel 
inaxinuim  static  strain  upon  hydrants,  in  ]niblic  water] 
supplie?*,  did  ntit  exceed  that  of  a  hundred  and  tifty  feet] 
luHid,  ojid  the  majority  of  the  hydrants  in  each  ^stem  had! 
not  over  one  hundred  feet  pressures  when  the  water  was  at) 

itwU     Hand  or  steam  fiiv-engines  wert^  necessitit  s  in  such 
and  the  \hiws  were  so  small  that  often  the  en.gin<*s ' 
to  exert  Hinne  suctions  on  the  pipes  to  draw  their  full 
empplit^    Ni^'  Iho  values  of  pressure  that  wll  permit  six  | 
or  t-i^hl  eflt'C'tive  streams  to  be  taken  direct  fit>ra  the  hy-  j 

.ilmiitH  \\\  any  part  of  the  system  is  more  fully  appreciated, 

lund  dinn't  pumj»ing  pn*s??nn^s  equivalent  to  three  or  four  | 

'Kmulnxl  ft^l  liead  an*  nt»t  uncommon.    The  eifec*t  upon  the 
>i>nlmnlH  i%  howevt^r,  a  greatly  increased  strain  wliich  they  j 
niu«^t  U>  «iWt«  to  mwt* 
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511.  Air- Valves.  —  ^'Ul  water  contains  some  atmoS' 
pheric  air*  When  water  has  passed  thrcvugh  a  piimping- 
engine  into  a  force-main  under  great  pressure,  it  absorbs 
some  of  the  air  in  tlie  air-vessel.  li\  then,  it  is  forced  along 
a  pipe  having  vertical  curves  and  summits  at  different 
points,  it  parts  with  some  of  the  air  at  those  summits.  In 
time,  sufficient  air  will  accumulate  at  eacli  summit  to  oc- 
cupy a  considemble  part  of  the  sectional  area  at  that  point, 
and  it  will  continue  to  accumulate  uotll  the  velocity  of  the 
water  is  sufBrient  to  carry  the  air  forward  down  the  incline. 

At  such  summits  an  air-ralte  is  requin'd  to  let  off  the 
accumulated  air,  as  occasion  requires.  Also,  w^hen  the 
water  is  drawn  off  from  the  pipes,  as  for  rt^pairs  or  any 
other  purpose,  there  is  always  a  tendency  to  a  vacuum  at 
the  summits  if  no  air  is  supplied  there  ;  and  if  the  pipes  are 
not  thick  and  rigid,  they  may  collapse  in  consequence  of 
the  vacuum  strain,  or  exterior  pressure. 

When  pipes  are  being  filled,  there  should  always  be 
ample  escape  for  the  air  at  the  summits,  or  the  air  contained 
in  the  pipes  will  be  compressed  and  recoil,  again  be  still 
more  compresst^  and  again  TtMUjil  with  greater  force,  shoot- 
ing the  column  of  water  back  and  forth  in  the  pipe  with 
enonnous  force,  and  straining  every  joint. 

In  the  distribution,  hydrants  are  usually  locatiVl  upon 
summits,  and  in  such  case  will  perform  the  functions  of 
air-valves. 

If  a  stop-valve  is  inserted  in  an  inclined  pipe,  and  is 
closed  during  the  filling  of  the  section  immediately  Inflow  it, 
it  makeH  practically  a  summit  at  timt  point,  and  an  air-j 
valve  or  vent  will  be  rt^quin  d  there. 

An  air  and  vacuum  valve,  for  summits,  may  with  advan- 
tage be  combined  in  the  same  fixture,  the  air-valve  motion 
being  positive  in  action  for  the  purpose  of  an  air-valve, 
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opening  against  the  pressme,  but  automatic  as  a  Tacuam- 
ralv«^  opeiiinn;  freely  to  the  pressure  of  the  atmosphere- 
Fig.  125  is  a  com- 
bined air  and  vacuum 
valve  designed  by  the 
writer,  and  u^d  in  sov 
eral  cities  with  success. 
A  twchiuch  air- valve 
answers  tolerably  for 
fonr,  six,    eighty    and 
ten  inch  pipes^  but  for 
large  pipes  a   special^ 
branch  with  stop-vahij 
may  be  used- 
Great  care   should 
be  exercised  in  filhr 
pipes  with  water,  and 
the  water  should  not 
be     admitted     faste 
than  the  air  can  giv 
place  to  it  by  issue 
the  air-valves,  or  oj 
hydrant  nozzles*  with- 
out   reactionary    con- 
vulsions. 

512.   ITiiioii  of  Hij^h   and    Low   Ser\iee8. — Man^ 
cities  have  high  lands  within  their  built-up  limits  that  aij{ 
BO  much  elevated  above  the  general  level  that  it  is  a  matt 
of  convenience  to  divide  the  distribution  into  '^hiffh-^  a 
^^Imo  services,''  and  to  give  to  each  its  independent  reseiToi 
In  such  case  tlie  benefit  of  the  pressure  of  the  high  res 
voir  may  be  secured  in  the  Imc  system  in  case  of  a  la 
fire,  by  simply  opening  a  valve  in  a  branch  connecting  the 
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Systems.  A  check-valve,  Fig.  126,  will  be  required  in 
thv  effluent  pipe,  or  su]>p]y  main  from  the  lower  reserv^oir 
to  pn?vent  the  flow  back  into  the  lower  reservoir, 

A  weighted  valve,  automatic  in  action,  may  also  be 
placed  in  the  branch  connecting  the  two  systems,  and  ther 

Fia  126. 


CHBCK- VALVE, 


in  case  of  an  accident  lo  the  supply  pipe  of  the  lower  sys 
teni,  or  a  malicious  closing  of  its  valve,  tlie  upper  s^ervice 
will  maintain  the  supply  at  a  few  pounds  diminished 
pressure, 

IS  the  pumps  are  arranged  so  as  to  give  a  direct  increased 
prpssun.^  in  tlie  lower  system  for  fire  purposes,  ttien  a  check- 
valve  in  tlie  brancli  connecting  the  two  systems,  opening 
toward  the  high  system,  will  be  an  excellent  relief  and  pro- 
tection against  undue  pressure, 

51S.  Coiiililiiod  Rcnervoir  and  Direct  Systems.— 
In  the  plan  of  a  pipe  system.  Fig.  113,  a  pipe  leads  from  the 
pumps  direct  to  the  reservoir,  and  a  second  pipe  leads  din^ct 
from  the  pumps  into  tlie  distribution,  so  that  wat^  may  be 
It  either  to  the  reservoir  or  to  the  distribution,  at  will. 
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A  bKioch  pipe  cutiiiects  these  two  pipes  so  as  to  supply  the, 
distribution  from  the  force  main.  I 

A  check-valve  opening  toward  the  distribution  is  placedl 
in  this  branch.    IS  a  tire-pressure  is  put  upon  the  distribu-J 
tion  through  tlie  direct  pipe  this  valve  prevents  the  flow 
back  toward  the  reservoir,  but  upon  the  reduction  of  the 
fire-pressure  it  conies  into  action  and  maintains  the  supply 
to  the  distribution  from  the  reservoir.  | 

For  additional  security  against  unforseen  contingenciesJ 
another  pipe  may  lead  from  tlie  reservoir  to  one  of  the  prin  J 
cipal  sub-mains,  as  shown  in  the  plan,  when  the  relatival 
positions  of  the  reservoir  and  distribution  permits,  and  thisj 
pipe  may  contain  in  the  effluent  chaml>er  a  check-v^alvaj 
against  fire-pressure  and  a  weighted  relief-valve  to  preventl 
undue  pressure.  I 

In  the  reservoir  plan,  Fig.  68  (page  333),  the  force  and! 
supply  mains  are  shown  to  be  connected  by  a  pipe  passing! 
along  tlie  side  of  the  reservoir,  so  that  the  water  may  be  sent! 
fnjin  the  pumps  dii^ct  into  tlie  distribution.  The  supply-l 
main  has  a  cliock-valve  in  the  effluent  cliamber  in  this  cas*\  I 

A  combined  resen'oir  and  dii*ect  pressure  system,  sub-j 
stantially  like  tliat  of  Fig.  113,  including  high  and  low  8ei>| 
vices,  was  designed  by  the  writer  for  one  of  the  large  Neif  I 
Eogland  cities  in  1872,  and  tlie  same  was  constmcted  witli  the 
exception  of  the  high  service  i-eservoir,  in  the  two  following, 
seasons.  1 

514,  Staiid-Pipeg.— Several  of  the  American  citiesjj 
whose  resen^oirs  are  distant  from  their  pumping  stations,! 
have  placed  a  stand-pipe  upon  tlieir  force-main,  to  »*qualiza| 
the  resistance  against  the  pumps,  as  in  St  Louis,  Lcmis-j 
ville,  and  Mihvauke**.  Other  cities  use  tall  open-topi>edJ 
Btand-pipes  with  out  ivservoii-s,  when  no  proper  site  for  J 
reservoir  is  nvidily  attainable,  as  at  Chicago  and  Toledo.     I 

All  the  American  stand-pipes  now  in  use  are  of  the 
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single  leg  class.  The  city  of  Sandusky,  Ohio,  has  now 
(Nov.  1B76)  ill  process  of  eonstniction  a  tank  stand-pipe  of 
26  feet  diameter  and  206  feet  height^  surrounding  a  delivery 
stand-pipe  of  3  feet  diameter  and  225  feet  height  Tliis 
tank  is  lx*ing  built  up  of  live  ted  metal  plates,  from  designs 
by  J.  D.  Cook,  Esci^,  cliief  engineer.  In  Europe,  the  stand- 
pipes  are  more  ft-eqiiently  doubk*-k^gged,  with  connections 
between  the  up  and  down  legs  at  inten  als  of  height. 

The  stand-pipes  as  genei-ally  used,  sen^e  as  partial  sub- 
stitutt^s  for  relief-valves  combined  or  acting  in  conjunction 
with  tall  and  capacious  air-chambers.  The  surface  of  tlie 
w^ater  in  the  stand-pi j>e8  vibrates  up  and  down  according  to 
the  rate  of  delivery  into  them  from  the  i^umps,  and  the  mte 
of  draughty  if  the  main  over  which  they  are  placed  is  con- 
nected with  the  distribution.  Vide  Chapter  XXV,  and 
table  of  stand-pipe  data  in  the  Appendix. 

The  Boston  Highlands  Stand-pipe  (imgi*  161)  stands 
ni)on  an  eminence  158  feet  above  tide,  is  of  wrought-iron, 
and  is  80  feet  high,  and  6  feet  interior  diameter.  It  is 
inclosed  in  a  masonry  tower, 

Tlie  Milwaukee  stand-pipe  (page  26)  rises  to  210  feet 
above  Lake  Michigan,  and  the  Toledo  stiind-pipe  (jmge  31) 
to  20O  feet  above  Maumee  River. 

515.  Frietioiial  Heads  in  Sor\ice-PipeH, — The  fohM 
lowng  shows  the  frictional  head  in  clean,  smooth  service-^ 
pipes,  with  given  velocities,  for  each  one-hundred  feel  length. 

The  numbers  of  the  first  cobimn  are  the  given  velocities, 
in  feet  per  second.  The  second  column  gives  the  head» 
which  is  necessary  to  genenite  tlie  given  velocities  opposite* 

In  the  first  column,  under  each  of  the  given  diameters 
from  \  inch  to  4  inches,  is  the  %^o1ume  of  flow,  at  its  given 
velocity ;  in  the  next  column  the  corresponding  coefRcicnt 
of  friction  ;  and  in  the  next  column  the  frictional  head  per 
eac!h  one  hundred  feet  length  at  its  given  velocity. 
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TABLE    No.   108. 


Frictional  Head  in  Service  Pipes*  (in  each  loo  feet  length). 
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*  This  table  does  not  include  the  resistances  of  the  stop-cocks  and  short 
bends  in  service  pipes.  Such  resistances,  as  services  are  usuallj  laid,  reduce 
the  effective  delivery  of  water  fully  fifty  per  cent. 

f  Vide  table  104,  p.  504.  for  values  of  d  in  fec»t. 

Vide  table  of  weights  of  lead  service  pipes  in  the  Ap])endix. 


OHAPTER    XXIII. 

CLABIFICATION  OF  WATEFt 

516.  Rarity  of  Clear  Waters.— A  small  but  favored 
minority  of  the  American  cities  hare  the  good  fortune  to 
tind  an  abundant  supply  of  water  for  their  domestic  pur- 
poses, within  their  reach,  that  remains  in  a  desirable  state 
of  transparency  and  limpidity. 

The  origin  and  character  of  the  impurities  that  are 
almost  universally  found  in  suspension  in  large  bodies  of 
water,  have  been  already  discussed  in  the  chapters  devoted 
to  *' Impurities  of  Water"  (Chap.  VIII),  and  to  *' Supplies 
from  Lakes  and  Rivers  ^^  (Chap.  IX) ;  so  there  remains  now 
for  investigation  only  the  methods  of  separating  the  foreign 
matters  befi^re  pointed  out. 

617.  Floating:  Debris. — Tlie  running  rivers^  that  are 
subject  to  floods,  bring  down  all  manner  of  floating  debris, 
from  the  fine  meadow  grasses  to  huge  tree-trunks,  and 
buildings  entire.  These  are  all  visible  matters*  that  remain 
upon  the  surface  of  the  water,  and  their  separation  is 
accomplished  by  the  most  simple  mechanical  devices. 

Coarse  and  fine  racks  of  iron,  and  fine  screens  of  woven 
copper  wire  are  effectual  intercepters  of  such  matters  and 
prevent  their  entrance  into  artificial  water  conduits. 

518.  Mineral  Sediments. — Next  among  the  visible 
sediments  may  be  classed  the  gravelly  pebbles,  sand,  disin- 
tegrated rock,  and  loam,  that  the  eddy  motions  continually 
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toss  up  from  the  chimnel  bottom,  and  the  current  bears 
forward. 

These  are  not  intercepted  by  ordinary  screens,  but  are 
most  easily  separated  from  the  water  by  allowing  tliem 
quickly  to  deposit  themselves,  in  obedience  to  the  law  of 
gravitation,  in  a  basin  where  tlie  waters  can  remain  quietly 
at  rest  for  a  time* 

When  the  water  is  received  into  large  storage  reservoirs, 
it  is  soon  relieved  of  these  heavy  sedimentary  mattei^s,  by 
deposition  ;  and  a  season  of  quietude,  even  though  but  a  few 
hours  in  duration,  is  a  valuable  pr*?paration  for  succeeding 
stages  of  clarification. 

Next  are  more  subtle  mineral  impurities,  consisting  of 
the  most  minute  particles  of  sand  and  finely  comminuted j 
clay,  which  consume  a  fortnight  or  more,  while  the  water  ia 
at  rest  in  a  confining  basin,  in  their  leisurely  meanderings 
toward  the  bed  of  the  basin. 

If  tiiese  mineral  grains  are  to  be  removed  by  subsidence 
for  a  public  water  supply,  the  subsidence  basin  must 
usually  be  large  enough  to  bold  a  three-weeks  supply,  and 
must  be  narrow  aud  deep,  so  the  winds  will  stir  up  but  a 
comparatively  thin  surface  stratum,  and  also  so  the  expos 
water  will  not  be  heated  unduly  in  midsummer, 

519.  Orgraiiie  SeiliiiH'iits. — ^Next  are  the  organic  frag- 
mentSf  including  the  diHintegrating  seeds,  leaves,  and  stalks 
of  plants,  the  legs  and  tmnks  of  insects  and  onistacea,  and 
the  macerated  refuse  from  the  mills. 

All  these  have  so  nearly  the  same  specific  gravity  as  the 
water,  that  they  remain  in  suspension  uutU  decomposition, 
lias  removed  so  much  of  their  volatile  natures  that  th€ 
mineral  residues  can  finally  gravitate  to  the  bottom. 

If  these  an?  to  be  remf»vpd  by  subsidence,  the  basin  must 
hold  several  months  supply,  at  least,  and  be  so  formed 
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aie  tile  umuoiefable  Huongs    of  living 

tiiftt  people  the  potids  and  stiBama,  and  their 

na.    These  caaaol  be  removed  bj  siibsideDoe  during 

actire  eiii^piirjiv  and  irprodnctiou  mamtaiDS  always 

Hoabets  good* 

D  8i>Iutio]is.--Stall  more  sobtle  than  bH 
abofv  impurities^  that  r^iaam  in  gv^pension^  are  the 
iTed  organic  matters  that  the  water  takes  into  solution. 
inchide  the  dissolved  remains  of  animate  creatixrefi, 
d^solred  feitiliaaB,  and  dissolred  sewage. 

All  the  fcnner  may  be  treated  raechanicaUy  with  toler- 
ible  suooess,  but  the  latter  i3ass  through  the  tinest  tilters 
Yield  only  to  chemical  tiansformationa 
581«  Xatnral  Froeeases  of  Clarificaticiiu— Nature's 
for  remoTing  all  these  impurities,  to  fit  the  water 
for  the  nse  of  animals,  is  to  pass  them  through  the  pores  of 
the  soil  and  fissures  of  the  rocks.  The  soil  at  once  remores 
the  matters  in  svjfpensicn^  and  they  become  food  for  tlie 
plants  that  grow  ni>on  the  soil,  and  are  by  the  plants  recon- 
rerted  into  their  original  elements.  Tlie  minerals  of  the 
soil  reconvert  the  organic  matters  in  solutmi  into  other 
>mbinations  and  separate  them  from  the  water, 
522.  Clieniical  Processes  of  Clai-iflcatloiu— Arti- 
ficial chemical  processes,  more  or  less  successful  in  their 
^action,  have  been  employed  from  the  remotest  ages  to  sep- 
irte  quickly  the  fine  earthy  matters  from  the  waters  of 
running  streams.  The  dwellers  on  the  banks  of  streams, 
who  had  no  other  water  supply,  treat«?d  them,  each  for 
tliemselves,  and  in  like  manner  have  others  treated  the  rain 
waters  which  tliey  cai^ht  upon  their  roofs,  when  they  had 
no  other  domestic  supplies. 
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Many  centuries  ago  the  Egyptians  and  Indiajxs  liad  dis- 
covered ihui  certain  bitter  vegetable  subt^tanees  which  grew 
around  tliem  were  capable  of  hasteaing  tlie  clarification  of 
the  \Mi,ters  of  the  Nile,  Ganges,  ladus,  and  other  8edimeiiU 
ary  streams  of  their  coiinti-ies. 

The  Ciinadians  have  long  been  accustomed  to  purify 
min-wati'r  by  introducing  powdered  alum  and  bomx,  in 
the  propoilions  of  3  ounces  of  each  to  one  barrel  (BU  gals,) 
of  \\-ater;  and  alum  is  used  by  dwellers  on  tlie  banks  of 
the  muddy  Mississippi  to  precipitate  its  clay,  Arago  ob- 
served also  the  prompt  action  of  alura  upon  the  muddy 
water  of  tlie  Seine.  One  part  of  a  solution  of  alum  in  fifty 
thousand  pails  of  water  results  m  the  production  of  a  floc- 
cnlent  precipitate,  which  carries  down  the  clayey  and 
Clonic  matters  in  suspension,  leaving  the  water  perfectly 
clear. 

Dr.  Gunning  demonstrated  by  many  experiments  tliat 
the  impure  waters  of  tlie  river  Maas,  near  Rotterdam,  ct>uld 
be  fully  clarified  and  rendered  fit  for  the  domestic  supply 
of  the  city,  by  the  introduction  of  .032  gramme  of  per- 
chloride  of  iron  into  one  liter  of  the  water.  The  waters  of 
the  Maas  are  very  turbid  and  contain  large  pro}K)rtions  of 
organic  matter,  and  they  often  produce  in  those  visitors  wiio 
are  not  accustomed  to  their  use,  diarrhceas,  with  other  im- 
ideaeant  sj^nptoms. 

Dr.  Bischoff,  Jr,  patented  in  England,  in  1871,  a  process 
of  removiug  organic  matter  from  water  by  using  a  filter  of 
gpongy  iron,  prepared  by  heating  hydrated  oxide  of  iron 
with  caxbon.  The  water  is  said  to  be  quite  i>erceptibly 
impregnated  with  iron  by  this  process,  and  a  copious  pre- 
cipitate of  the  liydmte<i  oxide  of  iron  to  be  afterwards 
separated* 

Horsley^s  patent  process  for  the  puiification  of  w^atAir 
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covers  the  use  of  oxalate  of  potassa,  and  Clark's  the  use  < 
caustic  lime. 

Mr.  t:5penoer  has  used  in  England  with  great  success^  in 
connection  with  sand  filtration,  the  crushed  gmins  of  a  car- 
bide of  iron,  prepared  ty  roasting  red  hematite  ore,  mixed 
with  an  equal  part  of  sawdust,  m  an  iron  retoil*  This  he 
mixes  with  one  of  the  lower  sand  strata  of  a  sand  filter,  and 
its  office  is  to  decompose  the  organic  matters  in  solution  in] 
the  water.  The  carbide  is  said  to  perform  its  ofBce  thor-| 
oughly  several  years  in  succession  mthout  renowah  Mr. 
Spencer's  process  may  be  applied  on  a  scale  commensurate 
with  the  wants  of  tlie  largest  cities,  and  lias  been  adoptedj 
in  several  of  the  cities  of  Great  Britain. 

Dr.  Medlock  was  requested  by  the  Water  Company  of 
Amsterdam  to  examine  the  water  gathered  by  them  from 
the  JDunes  near  llaarlejnj  for  delivery  in  the  city.  The 
water  had  a  peculiar  ^' fish-like"  odor,  and  after  standing 
awhile,  deposited  a  reddisli-brown  sediment 

Under  the  microscope,  the  deposit  was  seen  to  consist  of 
the  filaments  of  decaying  alga3,  conferva?,  and  other  micrcK  | 
scopic  plants,  of  various  hues,  from  gix^n  tlimugh  pale- 
yellow,  omnge,  red,  brown,  dark-brown,  to  black. 

The  Doctor  found  the  open  water  channels  lined  with  a 
luxuriant  growth  of  aquatic  plants,  and  the  channel-bedl 
covered  with  a  deposit  of  black  decaying  vegetal  matter.  I 
He  discovered  also  that  the  reddish*brnwn  sediment  was! 
deposited  in  great^est  abundance  al>out  the  iron  slnice-gates^ 
Copper^  platinum,  and  lead,  in  finely-divid«?d  states,  werej 
known  by  him  to  have  the  power  of  converting  ammonia 
into  nitrous  acid,  and  he  was  led  to  suspect  that  iron  pos- 
sessed the  same  power,     Exi^eriments  with  iron  in  various 
states,  and  finally  with  sheet-iron,  demonstrated  tliat  strips | 
of  iron  placed  in  water  containing  ammonia,  or  organioj 
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matter  capable  of  yielding  it,  acted  almost  as  energetically 

the  pulverized  metaL  The  organic  matters  of  the  Thames 
water  in  London,  and  the  Rivington  Pike  water  in  Liver- 
pool, as  well  as  the  Dnne  water  in  Amsterdam^  were  fonnd 
to  be  completely  decomposed  or  thrown  down  by  contact 
with  iron,  and  the  iron  acted  eftectnally  wlien  introduced 
into  the  water  in  strips  of  the  sheet  metal  or  in  coils  of  wire. 
Tills  simple  and  easy  use  of  iron  may  be  employed  in  sub- 
sidence basins  or  reservoirs  on  tlie  largest  scale  for  towns, 
as  well  as  on  a  smaller  scale  for  a  single  family. 

The  results  of  these  experiments  with  iron  were  consid- 
ered of  sucli  great  hygienic  and  national  importance  by  Dr. 
Sheridan  Muspratt  that  he  has  put  an  extended  account  of 
them  on  Record.* 

523,  Cliareoal  Fi'ocess.— The  charcoal  plate  filters 
prepared  under  tlie  patent  of  Messrs.  F,  H,  Atkins  &  Co,, 
of  London,  have  not  been  introduced  here  as  yet,  so  far  as 
the  writer  is  informed. 

The  valuable  chemical  and  mechanical  properties  of 
animal  charmal  tor  the  purification  of  water  have  long  been 
recogniz*^d.  and  it  was  the  pi-actice  in  tlie  constmction  of  the 
early  English  tilter-beds,  as  pre]>ared  by  Mr,  Thom,  to  mix 
powdered  charcoal  with  the  Jine  sand. 

If  there  is  either  lime  or  iron  in  the  water,  as  there  is  in 
most  waters,  the  chemical  action  results  in  the  formation  of 
an  insoluble  pr«*cipitate  upon  the  grains  of  charcoal,  when 
they  bei*ome  of  no  moiv  valne  than  sand,  and  their  action 
is  thenceforth  onlv  mechanicah  Messrs,  Atkins  &  Co.  have 
devised  a  method  of  overcoming  thi^  difficulty,  in  i^art  at 
least,  by  fonning  the  charcoal  into  plate?,  usually  one  foot 
square  and  three  inches  thick,  and  ;^o  Jirni  that  their  coated 
surfaces  can  be  .scraped  clean.    These  plates  may  be  set  in 
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frames.  Fig,  129,  as  lights  of  glass  are  set  in  a  sash,  and  the 
wattT  be  made  to  flow  through  them.  They  are  compound- 
*h\  for  either  slow  or  quick  filtmtion;  the  dense  plates  (a 
Hqiiare  foot)  passing  30  to  40  imjverial  gallons  per  diem,  the 
porous  80  to  IfH)  gallons,  and  tlie  very  porous  250  Ui  300 
gallons  pi*r  diem,  when  clean.  The  water  may  be  first 
jmssed  through  sand,  for  the  removal  of  the  greater  part  of 
th*»  organic  matters. 

Th*^  use  of  cliarconl  has  heretofore  been  confined  almoj^t  ^ 
*»ntirt*ly  to  tln^  hib(jrutory,  so  far  as  i'<?'lates  to  the  puriiica- 
tion  of  water,  and  animal  charcoal  lias  been  fcmnd  very 
much  su|K»rior  to  wood  and  peat  coals.  Its  success  has 
undoubterllv  bf**Hi  due  lartjelv  to  its  intermittent  use  and 
frequent  cleanings  and  opportunities  for  oxidation.  lis 
power  of  cheuucal  action  upon  organic  matter  is  very 
quickly  reducedi  and    it   must  be  often  cleaned    to   be 
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t!ffertTial.  Some  very  interesting  and  vahiable  experiments 
to  test  the  puritication  powers  of  charcoal  upon  Ibul  watei^, 
were  descrilx^d  to  the  members  of  the  lui^titutiuii  of  CiFil 
Engineers,  by  Edward  Byrne,  in  May,  1867. 

524*  Iiiflltriitinu.— If  any  water  intended  for  a  do- 
mestic supply  is  found  to  be  charged  with  organic  matter 
in  solution,  the  very  best  plan  of  treatment,  relating  to  tliat 
water,  is  to  let  it  alone,  and  take  the  required  supply  from 
a  purer  souitje. 

The  impurities  in  suspension  in  water  may  best  be 
treated  on  Nature's  jjlan,  by  which  she  provides  us  w ith  the 
sparkling  limpid  waters  of  the  springs  that  bubble  at  the 
bases  of  the  hills  and  from  the  fissures  in  the  rocks, 

535.  Iiiftltratioii  Basina. — In  the  most  simple  natural 
plan  of  clarification,  a  well,  or  basin,  or  gallery,  is  excavated 
in  the  porous  margin  of  a  lake  or  stream,  down  to  a  level 
below  the  water  surface,  where  tlie  water  supply  will  be 
maintained  by  infiltration- 
All  those  streams  that  have  their  sources  in  the  mount- 
ains, and  that  flow  tlii*ough  the  drill  formation,  transport  in 
flood  large  quantities  of  coarst*  sand  and  the  lesser  gravel 
pebbles,  Tliese  an»  deposited  in  bed??  in  the  convex  sides 
of  the  river  bc^nds,  and  the  liner  sands  are  sprt^ad  ui»on  them 
as  the  floods  subside.  From  these  beds  may  bo  obtained 
supplies  of  water  of  i-emarkable  clearness  and  transparency. 
The  volume  of  water  to  be  obtained  fi*om  such  sources 
deixiids,  lirst,  ujion  the  porosity  of  the  sand  or  gravel  be- 
tween the  welK  basin,  or  gallery,  and  the  main  body  of 
water,  tbe  distance  of  percolation  required,  the  intiltmtiou 
an*a  of  the  well  or  gallery*  and  the  head  of  water  under 
which  the  infilti-ation  is  maintained, 

A  considenibh^  number  of  American  towns  and  cities 
have  already  adopted  the  infiltration  system  of  clarification 
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of  their  public  water  supplies,  and  altliougli  it  is  not  one] 
that  can  be  imiversallj  applied,  it  should  and  will  meet 
wiUi  favor  wherever  the  local  circumstances  invite  its  u^e. 
Attention  has  not  as  yet  become  fairly  attracted  in  America 
to  the  beoefits  aod  the  necessities  of  filtration  of  domestic 
water  supplies,  and  many  of  the  young  cities  have  been 
oUiged  to  make  an  herculean  effort  to  secure  a  public  water 
supply^  having  eveu  the  requisite  of  abundance,  and  they 
have  been  obliged  to  defer  to  days  of  greater  financial 
strength  the  additional  requisite  of  clarification.  A  knowl- 
edge  of  the  processes  of  clarification,  which  an*  simjUe  for . 
most  waters,  is  being  gradually  difiiised,  and  this  is  a  suw 
precursor  of  the  more  general  acceptance  of  its  benefits. 

In  some  of  the  small  western  and  middle  State  towns, 
the  infiltration  basins  have  heretofore  taken  the  form  of  one 
or  more  circular  wells,  each  of  as  laige  magnitude  as  can 
be  tK'onomically  roofed  over,  or  of  narrow  o|H:»n  basins.  In 
the  eastern  States  the  form  has  usually  been  that  of  a  cov- 
ered  gallerj'  along  the  margin  of  the  stream  or  lake,  or  of  a 
broad  oi)en  basin.  Some  of  these  basins  are  intended  quite 
as  much  to  intercept  the  flow  of  water  from  the  land  side 
toward  the  rinT  as  to  draw  their  supplies  from  the  river» 
and  the  prevailing  temperatures  and  chemical  analyses  of 
the  waters,  as  compared  with  the  temperatures  and  analyses 
of  tlie  river  waters,  give  evidence  tJiat  their  supplies  are  in 
part  ft'om  the  land. 

A  thorough  examination  of  the  substrata,  on  the  site  of 
and  in  the  vicinity  of  the  pmposed  infiH ration  basin,  down 
to  a  level  eight  or  ten  feet  below  the  bottom  of  the  basin^ 
will  permit  an  intelligent  opinion  to  be  formed  of  its  percola- 
tion capacity. 

520.  Examplen  of  Iiiflltnition.— Fig.  130  illustratea 
a  section  of  the  infiltration  gallery  at  LoweU,  Mass.     This 
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lery  is  a  short  distance  above  the  city  and  alioye  the 
lin  of  the  Lo€ks  and  Canal  Co.  in  the  Meniniac  River, 
that  supplies  some  10,000  horse-power  to  the  mr:iDia€tui*ei*s 
of  the  city.  The  gallery  is  on  the  northerly  jsnore  of  the 
stream,  parallel  with  it,  and  lies  about  one  hundred  feet 
from  the  shore. 

Its  length  is  1300  feet,  width  8  feet,  and  clear  inside 
height,  8  feet*  Its  tloor  is  eight  feet  below  tlie  level  of  tiie 
crest  of  the  dam.  Tlie  side  walls  have  an  average  thickness 
of  two  and  three-fourths  feet,  and  a  height  of  five  feet,  and 
are  constructKl  of  heavy  rubble  masonry,  laid  water-tight 
in  hydraulic  moilar. 

Fig.  190, 


LOWBLL  iNm^TltATlOM  GALUnY. 


The  covering  arch  is  semicircular,  of  brick,  one  foot 
thick,  and  is  laid  water-tight  in  cement  mortar. 

Along  the  bottom,  at  distances  of  tcr^n  feet  between 
centrt^s,  stone  braces  «ine  foot  square  and  eight  fei*t  h:mg, 
are  placed  transversely  between  the  sidf*  walls  to  n*sist  the 
exterior  thrust  of  the  earth  and  the  hydrostatic  pressure. 
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The  bottom  is  covered  witli  coarse  screened  gravel,  one  ^ 
tliii'k,  up  to  the  le%el  of  the  top  of  the  brace  stones. 

The  Merrimac  River  is  tolerably  clear  of  risible  iropuri*^ 
ties  during  a  lai^  portion  of  the  year,  but  during^  higli- 
water  carries  a  large  quantity  of  clay  and  of  a  silicious  siind 
of  V  ery  minute,  raicroscopic  grains. 

An  inJet  pipe,  thirty  inches  in  diameter,  connects  tb^ 
lower  end  of  the  gallery  directly  with  the  river,  for  use  ii 
eraergencies,  and  to  supplement  the  supply  temporarily  at 
low-water  in  the  river,  when  it  is  usually  clear.  At  the  ter 
niinal  chaml)er  of  the  gallery  into  which  the  inlet  pipe  leads^l 
and  from  vvliicli  the  conduit  leads  toward  the  punii)s*  aj«J 
the  requisite  regulating  gates  and  screens. 

This  gallery  was  completed  in  1871,  and  during  the 
drought  and  low  water  of  the  summer  of  1873,  a  test  devel^ 
op^xl  the  rontiniious  infiltnition  capacity  of  the  gallery  tol 
be  one  and  one-lialf  million  gallons  ]>er  twenty-four  hours^J 
or  al>out  one  hundred  and  fifty  gallons  for  each  square  foot 
of  tK>ttom  an*a  p^v  twenty-foui'  houi-s. 

At  LawnMire,  Mass.,  is  a  similar  infiltration  gallery  along 
the  t*asteru  slion*  of  the  jrerrimac  River,  from  which  the^ 
city's  supply  is  ut  j)resent  drawn. 

The  inliltration  gallery  for  the  supply  of  the  town  of 
Hn^>klims  Mass.,  completed  in  1874,  lies  near  the  margin] 
of  the  Oharies  Rivt»r*  The  bottom  is  six  feet  below  the| 
Unvest  staiTt^  of  wat<»r  in  the  riv en  its  bn^adth  between  walla 
ft^ir  fiH*t*  and  hnigth  seven  hundred  and  sixty-tw^o  feet  Tlie 
side  xvhIIs  are  two  feet  higli,  laid  without  mortar,  and  the 
iHv\iTlng  im*h  is  semicii-cular,  two  courses  thick,  and  tight | 

l>urh»g  a  junuj*  test  of  thirty-six  honi-s  dumtion,  thisi 
ptller\  snv^^^''*^^  unt*?  ^f  a  rate  of  one  and  one-half  raillioii 

•    \  fsmnh'  Thf»  flow  into  this  and  mme  other  Infiltmtio 

'r\>m  r\|»  t  ^t^,  ttuiilvfca,  mid  tt<mpeniturc9^  to 

vl  wnur'*  ^Mn*  iyvmtd  th«p  river 
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gallons  in  twonty-foiu-  honrs,  or  four  hundred  and  ninety 
gallons  por  ?qiiare  foot  of  l^ottom  area  i>er  twenty-fom 
honrs.  The  ordinarj'  draught  np  to  the  present  writing  is 
about  one-third  tliis  rate. 

The  pioneer  American  intiltration  basins  were  constmcted 
for  the  city  of  Newark,  N.  J.,  under  the  direction  of  Mr. 
Geo,  H.  Bailey,  chief  engineer  of  the  Newark  water-works. 
These  basins  are  somewhat  more  tlian  a  mile  above  the 
city,  on  tlie  bank  of  th^  Passaic  River,  There  are  two 
basins,  each  350  feet  long  and  150  feet  wide,  distant  about 
200  feet  from  tlie  river.  They  are  revetted  with  excellent 
veitical- faced  stone  walls,  and  eveiy tiling  pertaining  to 
them  is  substantial  and  neat.  An  inlet  pipe  connects  them 
with  the  river  for  nse  as  exigencies  may  require. 

At  Walthanij  Mass.,  a  basin  was  excavated  from  the 
margin  of  tlie  Charles  River  back  to  some  distance,  and 
then  a  bank  of  gmvel  constructed  between  it  and  the  river, 
intended  to  act  as  a  filter. 

The  excavation  developed  a  considenible  numbt?r  of 
springs  that  flowed  np  through  the  bottom  of  the  basin, 
and  thesc^  are  supposed  to  furnish  a  large  share  of  the 
water  supply. 

At  Pnjvidence,  two  basins  have  been  excavated,  one  on 
each  side  of  the  Pawtitxet  River.  These  are  near  the  mar- 
^n  of  the  River,  and  are  partitioned  from  the  floods  by 
artificial  gravelly  levees. 

At  Ilamilton  and  Toronto,  in  Canada^  basins  have  been 
excavated  on  the  border  of  Lake  Ontario.  The  Hamilton 
basin  has,  at  tin*  Irvt^l  of  low-water  in  the  lake,  a  water  an:*a 
of  little  more  than  c*nf  avix\ 

At  Toronto,  the  infiltration  basin  lit*s  along  the  boi*der 
of  an  island  in  the  lake,  nearly  ojiposite  to  the  city.  It  is 
excavated  to  a  dei>th  of  thirteen  and  one-half  feet  below 
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low-water  ia  tin*  lake,  has  an  average  bottom  width  of  26j 
ft^t,  side  slopes  2  to  1,  and  length,  iiicluditig  au  anii  oim 
390  feet,  of  3090  feet    This  basin  is  diislani  about  150  feetl 
fi*om  the  lake.  I 

The  top  of  the  draught  conduit,  which  is  four  feet  diain«l 
eter,  is  placed  at  six  and  one-half  feet  below  low-water,  on 
the  zero  datum  of  the  lake  ;  and  the  water  area  in  the  basuij 
if  drawn  so  low  as  the  top  of  tin*  conduit,  will  then  be  3. Tin 
acres,  and  when  full  to  zero  line  is  5.G4  acres,  the  avenge  1 
surfiace  width  being  then  eight)^  feet.  ^^M 

During  a  six  days  test  this  basin  suj^plied  about  fonn 
and  ont^-qiiarter  million  imperial  gallons  pc^r  twenlj-foiiM 
hours  under  an  average  head  of  live  feet  from  the  lake,  oifl 
at  tlxe  rate  of  fifty-two  imperial  gallons  per  square  foot  offl 
bottom  area  per  twenty *four  hours.  1 

At  Bingliamton,  X,  Y,,  two  wells  of  thirty  feet  diameterl 
each,  were  excarated  about  150  feet  from  the  mai^n  of  tliM 
Susquehanna  River,  one  ou  each  side  of  the  pumi>-hou6eJ 
These  wells  are  ix>ofed  in,  I 

At  Schenectady  there  is  a  small  gallery  along  the  margiol 
of  the  Mohawk  Riven 

Columbus  opened  her  works  with  a  basin  on  the  bank. 
of  the  Scioto,  and  lias  since  added  a  basin  with  a  procesaB 
of  sand  filtration.  I 

Other  towns  and  cities  have  formed  their  infiltratioiH 
basins  according  to  their  i:>eculiar  local  circumstances.         I 

These  basms  generally  clarify  the  water  in  a  most  satt^ 
factory  manner,  and  accoQiplish  all  that  can  be  expected 
of  a  mechanical  process,  but  they  have  not  always  deliverer 
the  expected  vohimes  of  water;  but  perhaps  too  niucli  is 
sometimes  anticipated  tbi-ough  ignorance  of  tlie  true  nature 
of  the  soil  and  false  estimate  of  **nrnmnd  water''  flow, 

527.  Praetieal  Ctiiisiileratious. — The  experience  with 
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tie  American  ciiid  European  infiltratjon  basins  shows  that 
when  judiciously  located  tliey  should  supply  from  150  t(j 
200  U.  S.  gallons  per  scxuare  fotjt  of  bottom  area  in  eacli 
twenty-four  hours  coutinuously.  This  requiies  a  rate  of 
motion  tlirough  tiie  gallery  inflow  surface,  of  Irotti  twenty 
to  twenty-five  lineal  feet  x>er  twentj^-four  lioiU'S. 

Tills  inflow  is  dependent  largely  upon  the  area  of  shore 
suiface  througli  which  the  water  tends  toward  the  basin, 
and  the  clean! iness  and  porousness  of  that  surface. 

We  have  not  here  the  aid  of  Nature's  surface  process,  in 
which  the  iuteireptM  sediment  is  decomposed  by  plant 
action,  and  the  pores  tlirown  open  by  frost  exi>ansions,  but 
are  dependent  upon  floods  and  littoral  currents  to  clean  off 
the  sediment  sepanit^^d  from  the  iutiltering  water.  If  the 
in  filtering  surface  is  not  so  cleaned  periodically  by  currents, 
it  becomes  clogged  with  tlie  sediment^  and  its  caimbility  of 
passing  water  is  greatly  reduced. 

A  unifonu  siz<^d  grain  of  sand  or  gravel  offers  greater 
percolating  facilities  than  mixed  coarse  and  fine  grains. 
The  proportion  of  interstices  in  uniform  grains  is  from  thirty 
to  tlurty-thr*:^e  p*r  cent,  of  the  bulk,  and  the  larger  the  grains 
the  larger  the  intei*stxces  and  the  more  free  the  flow.  On 
the  other  hand,  the  smaller  the  grains,  or  the  more  the  ad- 
mixture of  smaller  w  itli  predominating  grains,  the  smaller 
the  interstices,  and  the  less  the  flow,  but  the  more  thorough 
the  clarification  and  the  sooner  tlie  jioi-es  are  silted  with 
sediment. 

If  there  is  much  fine  material  mixed  with  the  gravel* 
iter  wiU  percolate  very  slowly,  and  a  hirger  j>roportional 
'  Infiltration  area  will  be  requir«?d  to  deliver  a  given  volume 
of  water. 

It  will  be  remembere<l  tliat  we  found  gravel  (§  :i5l)  with 
due  admixtures  of  graded  fin<i  materials  to  make  the  very 


C'LAHIFICATIOX    OF    WATER. 


embankment  to  retain  water,  even  under  filTty  or  more 
feet  head. 

The  best  bank  in  which  to  locate  an  infiltration  basin  is 
one  which  la  made  np  of  uniform  silicious  sand  grains  of 
about  the  size  used  for  hydraxdic  mortar,  and  which  has  a 
thin  covering  of  finer  grains  next  the  body  of  water  to  be 
lilteivd.  Tlie  sUting  \%ill  in  such  case  be  chiefly  in  the  sur- 
face hiyer,  and  the  cleaning  by  flood  cui-rent  then  be  moHt 
efTectuaL 

Tlie  distance  of  the  basin  from  the  body  of  water  is  gov* 
enied  by  tlie  natui'e  of  the  niaterialB,  being  givater  in  coar^:* 
gravel  than  in  sand.  It  sliould  be  only  just  sufficient  to 
insure  thorougli  clarification  when  the  surface  is  cleanest 
A  gi\*ater  distance  necessitates  a  gi-eater  expense  for  gn»ater 
basin  area  to  accomplish  a  given  duty,  and  a  lesser  distance 
will  not  always  give  thorough  clarification. 

The  distance  shoidd  be  graduated  in  a  vaiyiug  stiutum, 
so  that  tlje  work  per  unit  of  ai'ea  sliall  be  as  uniform  as 
possible. 

528*  Examples  of  European  Inflltratloii.— Mr.  Jas, 
P.  Kirkwo^xl,  C. E.,  in  liis  report*  to  the  Board  of  Water 
Commissioners  of  St,  Louis,  by  whom  lie  was  comniissioned 
to  examine  the  filtering  processes  practised  in  Eim>pe,  as 
applied  to  public  water  supplies,  has  given  most  accurate 
and  valuable  information^  which  those  who  are  interested  in 
tlii*  subject  of  filtnition  will  do  w^ell  to  consult 

From  Mr.  Kirk  wood's  elaborate  it^port  we  have  con- 
densed some  data  rt4ating  to  European  infiltration  galleries. 

Perth,  in  Scotland,  has  a  covered  gallery  located  in  an 
island  in  the  River  Tay.  Its  inside  width  is  4  fe<*t,  height 
8  feet,  and  length  3(X»  feet*  Its  floor  is  2^  feet  below  low- 
water  surface  in  the  river.     Its  caj>acity  is  20<1,()00  gallons 

•  FiltniUon  of  Hiver  Waiera.  V&d  Nostrand^  New  York,  180^. 
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■er  diem,  and  rate  of  infiltration  per  square  foot  of  bottom 
urea,  182  gallons  per  die m, 

Angei-s,  in  France,  lias  a  covered  gallery  lucatt^d  in  an 
island  in  the  River  Loire,  TMa  gallery  has  two  angles  of 
slight  deflection,  dividing  it  into  thive  sections.  The  two 
end  sections  are  3-4"  wide  and  the  centre  section  6-0 '  wide. 
The  floors  of  the  two  end  sections  are  7J  below  low*watt*r  in 
the  river,  and  of  the  central  section  0|  feet  below.  The 
combined  length  of  tiiese  galleries  is  288  feet,  and  their  de- 
livery 187  gallons  per  diem  per  square  foot  of  bottom  ai'ea, 

These  were  constrncted  in  1856,  and  rest  on  a  clayey 
snbstratnm  ;  conHeqiiently  the  greater  j^art  of  their  inflow 
must  be  through  the  open  side  walls. 

More  recently,  these  have  been  reinforced  by  a  new 
gallery,  with  its  floor  5  J  feet  below  low- water  surface  in  the 
river,  and  not  extending  down  to  the  clay  stratum,  Tliis  is 
5  feet  wide  and  8  feet  liigh,  and  dt^livers  3CK)  gallons  per 
diem  per  square  foot  of  bottom  area, 

Lyons,  in  France,  has  two  covered  galleries  along  the 
banks  of  the  Rhone,  the  first  16-6"  wide  and  5394  feet  long. 
The  second  is  33  feet  wide,  except  at  a  short  section  in  the 
centre,  whem  it  is  narrowed  to  8  feet^  and  is  328  feet  long. 
There  are  also  two  rectangular  covered  basins.  The  com- 
bined bottom  aivas  of  the  two  galleries  is  17,2(J0  square 
feet,  and  of  the  two  basins  4i>»5()6  square  feet.  The  total 
delivery  at  the  lowest  stage  of  the  river  is  nearly  six  mil- 
lion gallons  per  diem,  or  100  gallons  per  square  foot  of 
bottom  area.  The  capacity  of  the  33-foot  gallery  alone  is, 
however,  147  gallons  per  square  foot  of  bottom  area.  A  bout 
6^  feet  head  is  required  for  the  delivery  of  the  maximum 
quantity.  The  averfige  distance  of  the  galleries  fixmi  the 
river  is  about  80  feet,  and  the  two  basins  are  behind  one  of 
the  galleriee. 
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At  Touloiise,  France,  three  covered  galleries  extend 
along  the  bank  of  the  Graronne.  The  first  two,  after  being 
walled,  were  tilled  with  small  stones. 

The  new  gallerj  has  its  side-wallB  laid  in  mortar,  is  cov- 
ered with  a  semicircular  arch,  is  7-6 '  wide,  8'«8 '  high,  and 

1180  feet  long-  Its  floor  is  8^-7  below  low-water  surface  in 
the  river.  Its  total  capacity  is  a  little  in  excess  of  2^  mil- 
lion gallons,  or  228  gallons  per  diem,  per  square  foot  of 
bottom  area* 

For  the  supply  of  Gk^noa,  in  Italy,  which  lies  upon  the 
Mediterranean,  a  gallery  has  been  constructed,  in  a  TaUey 
of  a  northern  slope  of  the  Maritime  Alps,  at  an  altitude  of 

1181  feet  above  the  sea.  This  gallery  extends  in  i>art 
beneath  the  bed  of  the  River  Scrivia,  transversely  from  side 
to  side,  and  in  part  along  the  banks  of  the  stream.  The 
width  is  5  feet,  height  7  to  8  feet,  and  length  1780  feet. 

The  extraordinarily  large  dt^liverj',  per  lineal  foot,  is 
6412  gallons  i>er  diem. 

The  waters  are  conveyed  down  to  Qenoa  in  cast-iron 
pipes,  with  relieving-tanks  at  interv^. 

629.  Example  of  Ititercepting  WelL— The  great 
well  in  Prosptx^t  Park,  Brooklyn,  L.  L,  is  a  notable  instance 
of  intercepting  basin,  such  as  is  sometimes  adopted  to  inter- 
cept the  flow  of  the  land  waters  toward  a  great  valley,  or 
the  sea,  or  to  gather  the  rainfall  upon  a  great  area  of  sandy 
plain* 

Tliis  portion  of  Long  Island  is  a  vast  bed  of  sand,  which 
receives  into  its  interstices  a  large  percentage  of  the  rain&lL 
The  rain-water  tlien  i>erc43lates  through  the  sand  in  steady 
flow  toward  the  ocean.  Although  the  surface  of  the  land 
has  considerable  undulation,  the  subterranean  saturation  is 
found  to  take  nearly  a  tme  plane  of  inclination  toward  the 
and  this  inclination  is  found  by  measurements   ia 
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nnmerous  wells  to  he  at  the  rate  of  about  one  foot  in  770  ft., 
or  seven  feet  per  mile.  So  il'  a  well  is  to  be  dug  at  one-half 
mile  from  the  ocean  beach,  water  is  expected  to  be  found 
at  a  level  about  three  and  one-half  feet  above  mean  tide  j 
or»  if  one  mUe  from  the  beach,  at  seven  feet  above  mean 
tide,  whatever  may  be  the  elevation  of  the  land  sniface. 
If  in  Biich  subsoils  a  well  is  excavated,  and  a  great  draught 
of  water  is  pumped,  the  surface  of  saturation  will  take  its 
inclination  toward  tlie  well,  and  the  area  of  the  waterslied 
of  the  well  will  extt^nd  as  the  water  surface  in  the  well  is 
lowered,  K  the  well  has  its  water  surface  lowei'ed  so  as  ta^ 
draw  towai-d  it  say  a  share  equal  to  twenty-four  inches  of 
the  annual  rainfall  on  a  circle  arouud  it  of  one-quarter  mile 
radius,  then  its  yield  should  be  at  tlie  rate  of  very  nearly 
one-half  million  gallons  of  water  daily. 

The  Prospect  Park  wdl,  Fig.  131  (p.  102),  is  50  ft.  in  diam- 
eter. A  brick  8t*x»n  or  cm-b  of  this  diameter,  resting  upon 
and  bolted  to  a  timber  shoe,  c^ged  with  iron,  was  sunk  by 
excavating  within  and  beneath  it,  fifty-nine  feet  to  the  sat- 
uration plane,  and  then  a  like  curb  of  thii'ty-five  feet  diam- 
eter was  sunk  to  a  further  depth  of  ten  feet.  Tlie  top  of  the 
inner  cni'b  was  finished  at  the  line  of  water  surface.  A 
platform  was  then  constructed  a  few  feet  above  the  water 
surface,  within  the  lai^e  curb,  to  receive  the  pumping 
engine.  The  boilers  were  placed  in  an  ornate  boiler*house  j 
near  the  well. 

On  test  trial,  the  well  was  found  to  yield,  after  the  water 
surface  in  the  well  had  been  drawn  down  four  and  one-half 
feet,  at  the  rate  of  860,000  gallons  per  twenty-four  hours. 

530.  Filter-beilH. — A  method  of  filtration,  more  arti- 
ficial than  thos4:»  above  deBcribed^  must  in  many  cases  be 
resorted  to  for  the  clarificatiou  of  ]niblic  water  supplies. 

The  most  simple  of  the  methods  that  has  had  thorough  j 


frial,  consists  in  passing  the  water  downward,  in  an  arti- 
ficial basin  specially  constructpd  for  the  purpose,  through 
layers  of  fine  sand,  coarse  sand,  fine  ^^ravel,  coarse  gravel, 
and  broken  stone,  to  collecting  drains  placed  beueatli  the 
whole,  Fig.  132. 
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The  basins  in  snch  cases  ai*e  usually  from  1(X)  to  2<X1 
feet  wide,  and  from  2(K)  to  300  f*'et  long,  each.  Each  basin 
is  made  quite  water-tight,  the  liorizontul  bottom  or  Hour 
being  piiddk^d,  if  nec»^ssary,  and  sometimes  also  covered 
with  a  paving  of  concrete,  or  layer  of  bricks  in  cement 
mortar.  The  sides  are  i*evetted  with  masonrj-,  or  have 
slopv*s  paved  with  substantial  stone  in  mortar,  or  with 
concrete. 

A  main  drain  extends  longitudinally  tlu-ough  the  centre 
of  the  basin,  rests  upon  the  floor^  and  is  about  two  feet 
wide  and  thi'ee  fi?et  high.  From  the  main  drain,  on  each 
side,  at  right-angles,  and  at  distances  of  about  six  feet 
between  centres,  branch  tlie  small  drains.  Tlieae  are  six  or 
eight  incliee  in  diameter,  of  j)orou8,  or,  mon?  generally,  per- 
forated clay  tiles,  resting  uix>n  the  bottom  or  floor,  and  they 
extend  from  the  central  drain  to  the  side  walls,  where  they 
have  vertical,  open-topi^ed,  ventilating,  or  air-escape  pipes, 
rising  to  th*^  top  of  the  side  w^alls. 

These  pipes  and  the  central  drain  form  an  arterial  sys- 
tem by  which  water  may  be  gathered  unifonnly  from  the 
whole  area  of  the  basin. 

This  arterial  system  is  then  covered,  in  horizontal  layers, 
according  to  the  suitable  materials  available,  substantially 
as  follows,  viz.:  two  feet  of  broken  stone,  like  ''road 
metal  ;'*  one  foot  of  shingle  or  coarse-scivened  gravel ;  one 
foot  of  pea-sized  screened  gravel ;  one  foot  of  coarse  sand ; 
and  a  top  covering  of  one  and  one-balf  to  three  feet  of  fine 
sand. 

This  combination  is  tenned  a  filter-bed^  and  over  It  is 
liowtxl  the  water  to  be  clarified. 

Provision  is  made  fur  flowing  on  the  water  so  as  not  to 
disturb  the  tine  siind  surfat  e.  Tliis  inflow  duct  is  often 
arranged  in  the  form  of  a  tight  channel  on  the  top  of  the 
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eoveriiig  of  Hie  central  gslberiiig  drain^  and  tlie  water  flows 
owet  its  sida  waQsy  duriiig  the  filling  of  the  basiu^  to  right 
and  lrfk»  with  dow  motJon. 

The  depdi  of  water  maiDtained  upon  the  filter-bed  is 
foor  feet  or  more^  according  to  exposure  and  climatic  effects 
apon  it. 

At  the  outflow  end  of  the  central  gathering  drain  is  an 
effluent  chamber,  with  a  regulating  gale  over  which  the 
filtered  water  flows  into  the  conduit  leading  to  the  clear- 
water  basin.  The  water  in  the  effluent  cham  ber  is  connected 
with  the  water  upon  the  filter-bed  through  tlie  drains  and 
interstices  of  the  b<?d  ;  consequently,  if  there  is  no  dmiight, 
its  surface  has  the  same  level  as  that  upon  the  bed,  but  if 
there  is  draught,  the  surfece  in  the  chamber  is  lowest,  and 
the  diflerence  of  level  is  the  head  under  which  water  flows 
thiough  the  filter-bed  to  the  effluent  chamber. 

The  regulating  gate  in  the  effluent  chamber  controls  the 
outflow  there  to  the  clarified  water  basin,  and  consequently 
the  head  under  which  filtration  takes  place,  and  the  rate  of 
flow  through  the  filter-bed. 

531.  Settlitij?  and  Clear-water  Bai^iiis, — Wlien  the 
water  is  received  from  a  river  subject  to  the  roil  of  floods,  it 
should  be  received  first  into  a  settling  basin,  w  here  it  wiU 
be  at  rest  forty-eight  hours  or  more,  so  that  as  much  as 
possible  of  the  sediment  may  be  sei>arated  by  the  gravity 
process,  before  alIudt:Hj  to.  Its  r«?st  in  large  storage  basins 
prepares  it  very  fully  for  introduction  to  the  filter-bi*il, 
which  is  to  complete  the  separation  of  the  microscopic 
plants,  vegetable  fibres,  and  animate  organisms,  that  can- 
not be  st^pa rated  by  precipitation. 

Since  the  domestic  consumption  of  the  water  at  some 
hoiu*s  of  the  day  is  nearly  or  quite  double  the  average  con- 
sumption per  diem,  the  clarified  water  basin  should  be 
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lai^ge  enough  to  supply  the  irregular  di-aught  and  j>ermit 
the  flow  through  the  filter  to  be  uniform. 

This  system  of  clarification  in  perfection  includes  three 
divisions,  viz, :  the  Settling  Basin^  tlie  Mlter-bedy  and  the 
Clear-water  Basin, 

The  settling  and  clear-water  basins  may  be  constructed 
according  to  the  methods  and  principles  already  discussed 
for  distributing  resen^oirs  (Chap.  XVIl,  The  capacity  of 
each  should  be  sufficient  to  hold  not  less  than  two  days 
supply*  and  tlie  depth  of  water  slioidd  be  not  less  than 
ten  feet,  so  that  tlie  water  may  not  be  raised  to  too  high 
a  tempt^ratiire  in  summer,  and  that  its  temperature  may 
be  raised  somewhat  in  winter  before  it  enters  the  distribu- 
tion-pipes. 

5;itJ.  Iiitroduetioii  of  Filter-bed  Syst«m.— Pough- 
keepsie,  on  the  Hudson,  was  the  first  American  city  to 
adopt  the  filler -bed  system  of  clariiication  of  her  public 
water  HUppl3^ 

The  Poughkeepsie  works  were  constructed  in  1871,  to 
take  water  from  the  Hudson  River.  During  tlie  spring 
floods,  the  river  is  quite  turbid.  These  filtering  works  con- 
sist of  a  small  settling  basin  and  two  filter-beds,  each  73^  ft. 
wide  and  2<X)  ft.  long.     Each  bed  is  composed  of 


24   iaches  af  fine  sand. 


6 

6 
6 

i« 

**     1-tnch  gravel. 
"     J-incb  gravel, 
*'     i-inch  broken  stone, 
**    4  to  8-inch  spalls. 

72 

'* 

total. 

The  floors  on  which  the  beds  rest  are  of  concrete,  twelve 
inches  thick. 

The  clear- water  basin  is  28  by  88  feet  in  plan,  and  17  ft* 
deep. 
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Water  is  lifted  from  the  river  to  the  settling  basin  by  a 
pump,  and  it  flows  from  the  clear-water  basin  to  tlie  sactic 
chamber  of  the  main  ]>unip,  giving  some  back  pressur 
From  tlience  it  is  pumped  to  the  distributing  msen  oir. 

The  tilter-beds  ave  at  present  used  but  a  portion  of  the_ 
year,  subsidence  in  the  main  reservoir  being  sufficient 
render  the  water  acceptable  to  the  consumers. 

In  the  recent  construction  of  the  new  water  snpply  ioi 
the  city  of  Tol*^o,  20,CK}0  square  feet  of  fiiUn^-bed  was 
first  prepared  to  test  its  efficiency  in  the  clarification  of  tin 
turbid  Maumee  River  water.    The  great  demand  for  wat 
lias,  however,  made  the  constiiiction  of  additional  filter  ar 
and  large  subsidence  basins  a  n«^^*ssity,  the  consumptic 
having  already  (1876)  n^ached  nearly  3,000,000  gallons 
diem.    Anticipating  the  necessity,  Chief  Engineer  Cook  ha 
devised  and  is  experimenting  with  a  series  of  chambers,  i 
contain  filtering  materials  through  which  the  water  is  to  b^ 
tiowed  with  an  upward  current. 

When  our  American  water  consumers  are  more  familiar, 
with  this  filter-bed  system  of  clarification,  now  in  such  gen 
eral  use  in  England  and  Scotland  and  on  the  Contineut,  it 
usH^  will  be  oftener  demanded.     Subsidence,  as  we  liav 
before  remarked,  does  not  completely  clarify  the  wal4»i 
even  in  a  fortnight's  or  three  wi^ks*  time,  but  a  good  san<3 
lilttT,  if  not  overworked,  intercepts  not  only  the  visible  i 
ment  and  fine  clay,  but  the  most  minute  vegetable  fibr 
and  organisms  and  the  spawn  of  fislu  and  it  is  highly  iie 
]K>rtant  that  these  should  be  sepamted  before  the  wattT  id 
jias5«tHl  to  the  consumer. 

XHt*  CaiKirlty  of  FiIti*r-BertH.— Experience  indicat 
that  tl»e  flow  through  a  filter-bed,  such  as  we  have  abovd 
di^«*crilHHl,  should  not  exceed  the  rate  of  17  feet  lineal  per 
diem«  or  b*'  i^-lu- iHl  l>y  silting  of  the  sand  layer  to  less  than 
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6,6  feet  per  diem.  It  must  not  be  so  rapid  as  to  suck  the 
sand  grains  or  clay  i)articlps  or  tlie  iiitercept>ed  fibres 
tliruugli  tlie  bed,  or  it^  whole  purpose  will  be  entirely 
defeated. 

A  rate  of  about  one-half  foot  per  liour,  or  twelve  lineal 
feet  per  diem,  when  the  filter  is  tolerably  clean,  is  generally 
considered  the  best.  This  gives  the  filter-bed  a  capacity  of 
twelve  cubic  feet,  or  89*76  gallons,  per  square  foot  of  sur- 
face per  twenty-four  hours  ^  and  requires,  in  work,  about 
12,«XK)  square  feet  of  filtering  surface  for  each  million  gal- 
lons of  wmter  to  be  filtered  i)er  diem. 

534.  Cleaiiiiiis:  cif  Filter-Beds.-The  filter-beds  upon 
the  English  streams  require  cleaning  about  once  a  week, 
when  the  rivers  are  in  their  most  turbid  condition,  and 
ordinarily  once  in  tlii-ee  or  four  weeks. 

Tlie  process  of  cleaning  consists  of  removing  a  slice  of 
about  one-half  inch  thickness  from  the  surface  of  the  fine 
sand  layer,  and  the  stirring  or  loostmng  up  of  the  sand  that 
18  packed  hard  by  the  weiglit  of  the  water,  when  the  clog- 
ging of  the  filter  prevents  or  hinders  greatly  its  flow.  This 
requires  the  water  to  be  di'awn  off  from  the  bed  to  be  ch?'aned, 
and  of  course  ptitB  the  jKirtion  of  filter  area  being  cleaned 
out  of  service.  According  to  the  usual  pmctice,  the  water  is 
drawn  down  only  about  a  foot  below  the  sand  surface  for 
the  cleaning ;  but  there  is  a  great  advantage,  though  an  in- 
convenience, in  drawing  the  water  entirelj^  out  of  the  bed, 
for  this  admits  the  air  to  oxidize  the  organic  mattei*s  that 
are  dmwn  into  the  filter,  which  is  of  great  importance. 

To  provide  for  cleaning,  the  required  ai^ea  for  senice 
should  be  divided  into  two  or  more  independent  beds,  and 
then  one  additional  Ix^d  should  be  provided  also,  so  that 
tliere  shall  always  be  one  bed  surplus  that  may  be  put  out 
€»t  use  for  cleaning. 
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The  greati^r  tlie  number  of  equal  divisions  the  lees  will ' 
be  the  surplus  area  to  be  provided,  and  on  the  other  hand,j 
each  division  adds  sometliing  to  the  cos^t.,  eo  that  both  c<>n»^ 
venieQce  and  finance  are  factors  controlling  the  de^sign  as 
well  as  the  form  and  extent  of  lands  available. 

As  a  suggestion  merely,  it  is  ivmarktsi  that  the  divisions 
may  be  approximately  as  follows,  for  given  volumes,  de- 
pendent on  the  turbidnesa  of  water  and  local  circumstances : 


3     " 

So 

*• 

X   150  ' 

3  " 

100 

«■ 

X  180  " 

4  " 

100 

M 

K  180  - 

4  *' 

lOO 

*• 

n    240  " 

-f 

ISO 

.f 

«  270  •• 

5  *• 

130 

11 

X  aTo  *• 

TABLE     No.    109. 
Dimensions  of  Filter-Beds  for  Givcm  VoLrMEs. 
For    I    million  gallons  per  diem,  3  t>eds    60  feet  x  100  ft* t  ■ 

"     y 

«       g 

535.  Renewal  of  Sand  Surface.— When  the  rei>eatetl 
parings  from  the  surface  have  reduced  the  top  fine-sand 
layer  lo  about  twelve  inches  thickness,  a  new  coat  should 
be  put  on  restoring  it  to  its  original  thickness. 

Kgood  fine  sand  is  difficult  of  procurement,  the  pairiu] 
may  perhaps  be  washed  for  replacing  with  economic 
result. 

Tliis  is  sometimes  accomplished  liy  letting  water  flow 
over  the  sand  in  an  inclined  trough  of  plank,  having  cleata 
across  it  to  intercept  the  sand,  or  by  letting  water  flow  up 
tlirough  it  in  a  wood  or  iron  tank.  In  the  latter  case  watei 
is  admitted  under  pressure  through  the  bottom  of  the  tank, 
and  the  sand  n»st8  upon  a  grating  covered  with  a  fine  wir<^ 
cloth,  placed  a  short  distance  above  the  bottom  of  the  tank. 
The  current  is  allowed  to  flow  up  through  the  sand  and  over 
the  top  of  the  tank  until 
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530.  BaNiti  Coveiiiig»*— The  British  and  Cootmental 
filter-beds  are  ran^ly  roofed  in,  althougli  tht»  prartice  is 
almot^t  universal  of  vaulting  over  the  distributing  i\^8eiToir8 
that  ai-e  near  the  towns. 

The  intensity  of  our  summer  heat  and  intensity  of  winter 
cold  in  our  northern  and  (*astern  States,  makes  tl*e  routing 
in  of  our  filter  beds  ahnost  a  necessity,  though  we  are  not 
awan3  that  tliis  has  been  done  as  yet  in  any  instance. 

The  use  of  the  shallow  depth  of  four  feet  of  w^ater,  so 
common  in  the  English  filters,  would  be  most  fatal  to  open 
filters  liere,  for  the  water  woulfl  frequently  be  raised  in 
summer  to  tempemtui-es  above  80'  Fah,  and  sent  into  tlie 
\ni)eB  altogether  too  warm,  with  scarce  any  beneficial 
change  before  it  reached  tlie  consumer.  Sucli  tempera- 
tu^s  Induce  also  a  prolific  growth  of  alffCB  upon  the  sides 
of  the  basin,  and  upon  the  sand  surface  wlien  it  has  berome 
partially  clogged,  and  soon  produce  a  vegetable  scum  upon 
the  water  surface  also.  As  these  vegetations  an:*  rapidly 
reproduced  and  are  short  lived,  their  gases  of  decomj)osi- 
tion  permeate  the  wiiole  flow,  and  render  the  water  ob- 
noxious. 

Depth  of  water  and  protection  from  the  direct  heating 
action  of  the  sun  are  the  remedies  and  preventatives  for 
«uch  troubles.  A  free  circulation  of  air  and  light  must, 
however,  be  provided,  and  also  the  most  convenient  facili- 
ties for  tlie  cleansing  and  renewal  of  tlie  bed. 

In  Fig.  132  is  pn^sented  a  suggestion  fc»r  a  njof-covej  ing 
dial  will  give  the  necessary  protection  ft'om  sun  and  frost,  and 
ihe  requisite  light,  \'entilation»  and  convenience  of  access. 

Tlie  side  walls  are  here  prfj]i<istxl  to  be  of  brick,  and  th€ 
iras0  supporting  the  mof  to  be  of  the  susi>t*nded  tnipeznidal'' 
dasa     The  contined  air  in  tlie  hollow  walls,  and  the  saw- 
d.i3i  or  tan  layer  over  the  truss,  are  the  non-conductors  tliat 
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assist  in  maintaining  an  even  temperature  within  the  basuit 
and  resist  the  eflecta  of  intense  heat  and  intense  cold. 

The  Parisian  reservoirs  at  Menilmontant,  and  the  splea 
did  new  structure  at  Moutrouge,  are  covered  with  a  syst 
of  vaultings  after  the  manner  practised  by  the  Romans,  and 
this  system  is  also  followed  hy  the  British  engineers  in  the 
basin  covers. 

A  substantial  cover  over  a  filter  basin  will  reduce  1 
difficulties  with  ice  to  a  minimum,  and  remove  the  risk  i 
tlie  bed  being  frozen  while  the  water  is  drawn  off  for  clean- 
ing in  winter.  In  such  case.,  if  the  water  is  drawu  imme- 
diately from  a  deep  natiu-al  lake,  or  a  large  impounding 
resen^oir,  the  only  ice  formation  will  be  a  mere  skimraiii 
over  of  the  surface  in  the  severest  weather,  and  the  inflo 
of  water,  at  a  temperature  slightly  above  freezing,  wiU  ten 
constantly  to  presence  the  surface  of  the  water  uncongeale 
and  the  saud  free  from  anchor  ice. 
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PUMPING    OF    WATER 

537.  TjT>es  of  I^uiniis.— riie  machines  that  have  been 
usQd  for  raising  water  for  public  water  supplies  in  the  Uuited 
States  presc»nt  a  variety  of  combinations,  but  theii*  water 
ends  may  be  classilied  and  illustrated  by  a  few  type  fonns. 

Our  space  will  not  |}ermit  a  discussion  of  the  theories 
and  details  of  their  prime  movers,  nor  more  than  a  general 
discussion  of  t!ie  details  of  tlie  pumps,  with  their  relations 
to  the  flow  of  watA^r  in  their  force  mains. 

The  horizontal  double-acting  piston  pnmp  of  the  type, 
Fig,  134,  is  an  ancient  devicej  and  in  its  present  form  re- 
mains substantially  as  devised  by  Lii  Hire,  and  described 
in  the  Memoii's  of  the  French  Acarleniy  in  1716.  This  was 
at  one  time  a  favorite  type,  and  was  adopted  for  the  most 
prominent  of  the  early  American  pumping  works,  as  at 
Philadelphia,  Richmond,  New  Haven,  Cincinnati,  Mon- 
treal, et€. 

Several  modifications  of  the  vertical  plunger  pnmp,  after 
the  modern  Cornish  pattern  (Fig,  135),  were  later  intrO' 
duced  at  Jersey  City,  Cleveland,  Philadelphia,  Louisville, 
etc.,  and  in  1875  at  Providence. 

The  vertical  bucket  pnmp  (Fig.  133),  in  various  modifi- 
oations  (referring  to  the  water  end  only),  was  introduced  at 
Hartford,  Bruoklyu,  New  Bedford,  etc. 

Tlie  bucket-plunger  pump  (Fig.  136^  water  end),  has 
been  more  recently  introduced  at  Cliicago,  St  Louis,  Mil- 
waukee, Lowell,  Lynn,  Lawrence,  Manchester,  etc. 


A  vertical  acting  differential  plunger  pump,  ha'^ing  one 
SPt  of  auction  and  one  set  of  delivery  v  aJves,  e^ich  arranged 
in  an  annular  ring  aroiind  the  plunger  chamber,  lia^  re- 
cently been  invented  by  at  least  two  engineers,  indejiend- 
ently  of  each  other,  and  with  similar  disposition  of  parts. 
This,  like  the  bucket  and  plunger  pump,  is  single-aeting  in 
suction  and  double-acting  in  delivery.  Tliis  pump  givea^J 
pramide  of  superior  excellence  ^H 

The  double-acting  horizontal  plunger  pump  (page  223), 
itaelf  an  ancient  and  iidmiraWe  invention,  was  first  intro- 
duced in  combination  with  the  Worthington  duplex  engine 
about  the  year  186(),  and  has  since  been  adojited  at  Harris- 
bni;g,  Charlestown,  Newark,  Salem,  Baltimore,  Toledo, 
Toronto^  Montreal,  etc. 
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Hotan\  and  gnngs  of  small  piston  pumps  hare  been  in- 
iHiuiN'd  to  some  extent,  in  direct  pressure  systems^  in  some 
.  the  sUMill  Western  towns. 
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538.  Seveml  of  the  earliest  pumps  *  of  magnitude  worthy 
of  note  were  driven  by  overehot,  or  breast  water- wheels,  as 
at  Bethlehem,  Pa.,  Fainnouut  Works,  Philadelphia,  New 
Haven,  Richmond,  and  Montreal,  Turbines  have,  how- 
ever^ taken  the  places  of  the  horizontal  wheels  at  Phila- 
delphia and  Riclimond,  and  in  part  at  Montreal,  and  tur- 
bines give  the  motion  at  Manchester,  Lancastt^r,  Bangor, 
and  at  other  cities. 

Fig.  143  shows  the  latest  improved  form  of  the  Geyelin- 
Jonval  turbine,  which  has  been  used  very  successfully  in 
several  of  tlie  large  cities  for  driving  pumps. 

The  gnuiter  niimbf^r  of  tlie  pumping  machines  now  in 
use  are  actuated  by  compound  stpani-erjgines. 

A  considi^-able  number  of  the  large  pumping  machines 
have  their  pump  cylinders  in  line  with  their  steam  cylin- 
ders, and  tlieir  pump  rods  in  prolongation  of  their  sti^m 
piston  rods* 

63!>.  Expeiifte  of  Varialili^  Delivoi'y  of  Water. — 
It  is  important  that  the  delivery  of  water  into  the  force-main 
from  the  pumping  machinery  be  as  unifarm  as  possible, 
and  constant. 

If  tlie  delivery  of  water  is  intermittent  or  variable,  and 
the  flow  in  the  main  equally  variable,  then  power  is  con- 
sumed at  each  stroke  in  accelemting  the  flow  from  the 
minimum  to  the  maximum  rate. 

The  ris  piraj'  of  the  Ci:)luiun  of  water  in  the  force-main, 
rrendered  during  the  retardation  at  each  sti'oke,  is  neutral- 

^*Beiblebem.  P*  ,  conRtriictetl  in  17^  the  firet  public  water  aufjply  in  tho 
Hiterl  Statai  In  whirb  the  pumps  were  drivc^n  by  watcr-|iower,  Philadelphia 
nitrncted,  in  17117,  nn  the  Schuylkill  mver,  a  little  below  Fairmount,  the 
fimt  public  wBt^r- works  in  the  rniti^  States  driven  by  steam-power.  In  1812 
etenm  pumpe  wef«»  started  at  Fairmotint,  and  the  old  wc^rke  abnndoned.  In 
April,  1H23,  iho  hydmuHc^iower  puin(>«*  wen*  started  nt  Fairnumnt. 

f  Vidr  *'  priiiriple  of  n>  rira,*'  in   Mo^ieley's  '*  M»-t'luinie*i  of  Enjgrineyring"/' 
p,   115,   New  Yurk,   ItiWiO,  aud  Pi*nodet*8  Mtcunliiuti   Indubiriellw,   ArL  135,_ 
P&rifl,  1841. 
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ized  by  gravity,  and  no  useful  eflect  or  aid  Uj  tlie  piSo^^ 
the  puniij  is  given  back,  as  useful  work  is  given  duiing  thj 
retaixlatiun  of  tlie  tly-wlieel  of  an  engine,  | 

If,  as  when  the  pump  is  single-acting,  motion  is  gener* 
ated  dming  each  forward  stroke,  and  the  eolonm  comes  to 
i-est  during  the  rt^tuni  stroke  of  the  piston,  or  between 
strokes  of  the  piston,  tlie  power  consumed  (neglecting  fric- 
tion) to  generate  the  maximum  rate  of  motion,  equals  the 
product  of  the  weight  of  the  column  of  water  into  the  heiglit 
to  which  such  maximum  rate  of  motion  would  be  due  if  the 
coltimu  was  falling  freely,  in  vacuo,  in  obedience  to  the  in- 
fluence of  gravity. 

Let  Q  be  the  volume  of  water  to  be  set  in  motion,  m\ 
cubic  feet,  w  the  weight  of  a  cubic  foot  of  water,  in  jioundsj 
(—  62.5  lbs),  ^1  the  equivalent  height^  in  feet-,  to  which  tlie 

rate  of  motion  is  due  (~q^)j  and  pi  the  power  required  to 

produce  the  acceleration  ;  then 
I  pi  —  Q  X  w  X  hi.  (1) 

I        If  the  velocity  is  checked  and  then  accelerated  during 
tMfcch  stroke,  without  coming  to  a  rest,  let  v  be  the  maxinmui 
velocity,  in  feet  per  second,  and  ^i  the  minimum  velocity 
then  the  power  consumed  in  or  necessary  to  produce  thej 
acceleration  is 

In  illustration  of  this  last  equation,  which  represents  a] 
smaller  loss  than  the  first,  assume  the  force-main,  with  air- 
vessel  inoi>erative,  to  be  ICMK)  feet  long  and  2  feet  diameter, 
and  the  maximum  and  minimum  velocities  of  flow  to  be 
6  feet  and  4  feet  per  second  respectively. 

The  weight  of  the  contents  of  the  main  into  its  accelera- . 

tion  will  be  (,78646?«  x  I)  x  w  x  |^  -  |^f  =  31^'2*^"  ^  ^^ 
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'B2M  lbs.  X  ;14  ft.  =  27492,5  frnt-lbs.  If  there  are  ten  .strokes 
per  minute,  274925  ftxit  lbs.  =  8 J  £tP  wiU  be  thus  con- 
sunied.  If  the  niaiu  is  twice,  or  four  times  as  loug,  the 
power  consumed  will  be  doubled,  or  quadrupled. 

The  power  required  to  accelerate  the  motion  of  the 
column  is  in  addition  to  tlie  d^'namic  power  P,  in  foot-lbs  , 
required  to  lift  it  tlirougJi  the  height  //,  of  actual  lift. 

For  the  equation  of  lifting  power  per  swond,  Avhen  Q  is 
the  volume  per  second  (neglecting  friction),  we  have 

P,  =  Qxw  X  ff,  (3) 

or  for  any  time, 

P^^Q  X  t  X  to  X  II  (4> 

The  flrictional  resistance  to  tlow  in  a  straight  main  is 
proportional,  very  nearly  to  the  scpiare  of  the  velocity  of 
tlow  (to  mv^\  and  is  computed  by  some  fomiula  for  frictional 
head  h\  among  which  for  lengths  exceeding  1000  feet  is 


r  = 


2ffd' 


m 


in  wiiich  A"  is  the  vertical  height,  in  feet,  equivalent  to  the 

frictional  resistance, 
length  of  main,  in  feet, 
diaitii^er  of  tlie  niaiiu  in  feet 
coefficient,  which  may  be  selected  from 

Table  61,  pige  242,  of  values  of  m. 

The  equation  of  power  p'\  to  overcome  the  frictional 


d 
m 


is  a 


head,  is 


p'  z^  Q  X  ic  X 


Ygd 


(0) 


The  equation  of  power  required,  expressed  in  horse- 
powers [ZT.P.]  of  33,000  foot-po\inds  per  minute,  each,  for 
dynamic  lift,  and  frictional  resistance  to  flow  combined,  is 
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The  spf^enl  rpwi'ftmmrcw  atore  deeoribed  are  all  loads 
B  punp-pKloB.  and  tlieir  flum,  tpgetber  with  the 
at  a^i^  and  cootiaciicwia^  is  the  load,  from  Ike 
m  Okt  muum  wUch  tli3  pdme  morer  lias  to  overcome. 
Vklum  the  ddiraiT^of  tlifi  tnler  into  the  main  is  ooustant^ 

mi»  lime  mwlBimii  are  at  tlieir  mininmm. 
S4/IK  TartaMe  Xatfou  of  a  PiMoii*— If  we  atialjzaj 
tta  ataB  of  nofioa  dnniv  the  forwaid  stroke  of  a  piMon 
aiorod  br  a  ivtoItii^  crank  with  nniform  motion,  whose 
ki^gtii  or  lading  of  circle  is  1  foot,  we  find  the  spaces  or  dis- 
tances aMired  thioogh  in  eqnal  times  br  the  piston^  while 
the  cnnk-x>in  passes  thioogh  eqnal  aics^  to  be  as  in  the  fol- 
lowing tablp. 

TABLE     No,   no. 
Pisix»i  SrACEs»  ron  Eq^jal  Sitccxssite  Arcs  or  Craxk  Motion,  i  i  J* 
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The  spaces  are  equal  to  the  above,  but  in  inyerse  order 
during  the  return  stroke.  To  compute  spaces  for  other 
lengths  of  crank,  and  the  same  arcs,  multiply  the  given 
lengths  of  crank  in  feet  hj  the  above  spaces. 

The  sum  of  the  motions  of  the  piston  while  the  pin  moves 
through  the  first  Wf  is  1.072  feet,  and  while  through  lhi» 
second  90°  is  .928  feet ;  therefore  the  motion  of  the  piston 
is  fester  during  the  first  and  fourtli  parts  of  the  revolution 
than  during  the  second  and  third, 

Tlie  motion  of  the  piston  is  accelerated  through  .»5218  of 
its  forward  and  *4782  of  ita  return  stroke,  and  is  retarded 
during  the  remaining  parts  of  its  forward  and  backwa 
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motions ;  and  with  the  usual  length  of  connecting  roJ, 
attains  a  raaxiniiim  velocity  eiiual  to  about  1.625  times  itdj 
mean  velocity* 

If  the  pump  is  single  acting,  then  no  delivery  of  water 
takes  place  daring  the  return  stroke,  and  this  is  the  most  dif- 
ficult ease  of  intermittent  iiioTion  to  provide  for  in  the  main. 

541.  Ratios  of  Variable  Delivery  of  Water.— K  we 
analyze  the  i-atios  of  movement  of  a  single,  and  the  sums  of  j 
ratios  of  movement  of  tw^o  or  three  coupled  double-actii 
pump  pistons,  when  the  two  crank-pins  an? 90"  apart,  and  the 
three  pins  60%  we  find  the  ratios,  during  the  forwairl  motioal 
of  piston  No.  1,  for  given  arcs,  approximatidy  as  in  thej 
following  table ; 

TABLE     No.    1  1  1, 

Ratios,  and  Sums  op  Ratios,  of  Piston  Motions  for  Equj 
Successive  Arcs  op  Crank  Mqtiok,  iiJ^ 
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The  variations  of  motion,  and  of  d^livert/  of  water^  on 
each  side  of  the  viean  mte  of  delivery  is  ^'itli  one  piston 
about  10  per  cent.,  with  two  pistons  about  5 J  per  cent,  and 
with  three  pistons  about  2{  i^er  cent,,  or  in  otlier  words^  th€ 
ratios  of  excess  of  delivery  are  .10,  .055j  .025,  and  the  ratic 
of  deficiency  have  like  values. 

542.  Office  of  Staiid^Pipe  and  Air- Vessel.— U 
the  office  of  the  stand*pipe  and  air-vessel  to  take  up  th< 
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excess,  and  to  compensate  for  the  deficiency  of  delivery  by 
the  pnmp  pistooSj  plangers,  or  bucketH.  These  are  must 
effective  when  nearest  t«)  the  piirap  cylinders. 

Tiie  excess  of  delivery  enters  tlie  open-topped  stand-pipe 
and  raises  its  column  of  water,  and  the  c(  »lumn  is  drawn 
front  and  falls  to  supply  the  deficiency.  Work  is  expended 
to  lift  the  column,  and  this  work  is  given  to  tlie  advancing 
water  in  the  main  when  tlie  column  falls  again,  but  when 
the  piston  is  again  accelerated  it  has  the  labor  of  checking 
the  motion  of  the  falling  column  in  the  stand-piix?. 

Tlie  air-vessel  on  the  force  main  is  pmctically  a  shorter, 
closed-top  stand-pipe  containing  an  im]irisoned  body  of 
air.  The  excess  of  delivei-y  of  water  from  the  pumps  enters 
the  air-vessel  and  compresses  the  air,  and  the  expansion  of 
the  au'  forces  out  water  to  supply  the  deficiency.  The  reduc- 
tion at  each  stroke  of  the  mean  volume  of  the  air  in  the 
vessi^l  is  directly  proportion*  d  to  the  excess  of  water  deliv- 
ered and  received  into  the  air-vessel,  which  is,  for  different 
pumps,  proportional  to  their  variations,  or  if  coujiled  or 
working  through  the  same  air-vessel,  to  the  algebraical 
gums  of  their  variations. 

543.  Caiiaeitit^s  of  Air- Vessels,— Tlie  cubical  capa- 
city of  an  air-v<>ssel  for  one  pair  of  double-acting  pumps  is 
usually  about  five  or  six  times  the  combined  cubical  capa- 
city of  the  water  cylinders  ;  but  we  shall  see  that  the  capa- 
city  of  the  cylinders  alone  is  not  the  full  basis  on  which  the 
capacity  of  the  vessel  is  to  be  proi)ortioned. 

If  the  air-vessel  is  filled  with  air  under  the  pressure  of 
the  atmosphere  only,  and  then  is  subjected  to  a  greater 
pressur*?  of  water,  it  will  not  remain  full  of  air,  for  the  air 
win  be  compi'essed,  and,  according  to  Mariotte's  law,*  its 


*  Fide  LardDer's  UydroBtatics  ajid  PneumftticH,  p,  15S,     London,  1874. 
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or  ff  jiis  the  maximum  water  preasme^  in  pounds  per  squ; 
mch,  tben  the  equation,  when/  =  15,  may  take  the  form 

C^pqr*  (9) 

If  the  water  is  to  be  permitted  to  abstract  an  appreciable 
portion  of  the  air  from  the  air-vessel*  that  is,  if  the  air-vessel 
is  not  to  be  frequently  recharged,  then  the  coefficient  in  the 
above  equation  should  be  greater  than  15,  If  the  air-vessel 
is  to  be  recharged  often,  mechanically,  with  volumes  of  air 
greater  than  the  atmospheric  pressure  would  supply,  then 
tlie  coefficient  may  be  some  less  than  15, 
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tlie  waiar  in  front  of  it  is  pressed  forward^  and  at  the  same 
time  the  preasme  of  the  atmosphere  forces  in  water  to  till 
the  space  or  Tacaum  that  it  would  otherwise  leave  behind 
it.  The  return  of  the  water  must  be  prevented,  or  the  work 
done  by  lifting  it  will  be  wasted*  Valdes  whicli  oj^n  freely 
to  forward  motion  of  the  wat^r  and  close  against  its  return^ 
are,  therefore,  a  necessity,  both  upon  the  suction  and  the 
delirery  sides  of  the  pump. 

AU  valres  br^ak  up  and  distort,  in  some  degree,  the  ad* 
rancing  column  of  water.     Such  distortions  and  diiisions 


VALVI 


eause  frictional  resistance,  wliicli  consumes  power.  The 
valve  that  admits  the  past^age  of  the  colunm  of  water  bj  or 
through  it  with  the  least  division  or  detlectioo  from  its  dii*ect 
course,  neutralizes  least  of  the  motive  power.  Short  bends 
and  coutractiuiis  in  water  passages,  that  consume  a  great 
deal  of  power  or  equivalent  head,  often  occur  in  theb  worst 
degree  in  pump  valves. 

The  pistmi  taZm  which  moves  entirely  out  of  the  water- 
passage^  and  permits  the  flow  of  water  in  a  single  cylindrical 
column,  such  for  instance  as  was  used  in  the  Darlington 
and  Junker  water-eriffints;^  is  perhaps  least  nbjectioDable 
in  the  matter  of  frictional  resistance  to  the  moving  water, 
but  is  often  inconvenient  to  use.  The  single  flap-valve 
{Fig,  137),  with  area  at  30"  lift  exceeding  the  sectional  ai'ea 
of  the  pump  cylinder,  gives  also  a  minimum  amount  of  ftic- 
tional  resistance. 

The  single  annular  form  of  column,  wliile  passing  tlirough 
the  valve,  is  less  objectionable  than  any  of  the  otlter  divi- 
sions of  the  water,  and  annular  valve  openings  have  been 
the  favorite  forms  in  nearly  all  the  large  pumping  ma- 
€hines. 

In  some  of  the  earlier  pumps  tlie  suction  was  through  a 
single  valve  with  two  annular  openings,  after  the  Harney 
and  West  model,  or,  as  more  familiarly  known,  the  Cornish 
double- beat  valve,  sindlar  to  Pig.  138,  illustrating  the  valves 
used  in  the  Brooklyn  engines. 

When  i)umps  began  to  be  built  of  great  magnitude, 
requiring  large  capacities  for  flow,  and  the  valves  were 
increased  in  size  to  two  feet  diameter  and  upward,  the 
valves  were  found  to  strike  very  powerful  blows  as  they 


•  Vide  niastrntioti  of  &  water  engine  in  Rankine*«  *' Steam  Engine,**  p.  UO, 
fjondon,  1873,  ikud  L&rdner'a  Hydrostatics  ft&d  PDeutDAtlc0»  p.  312,  London, 
1874 
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le  upon  their  stmts,  and  to  make  the  whole  macliine,  the 
l)uildingj  and  the  earth  around  the  foundations  tremble. 

This  annoyance  led  to  dividing  the  valves  into  nests  of  1 
five  or  nioi*e  valves  of  similar  double-beat  form.     In  London 
and  other  large  English  cities  the  valves  have  of  latr  1hh>ii 
of  the  four-beat  class,  or  Husband's  model. 

In  many  pumps  the  valves  have  of  late  been  divided  into 
nests  of  twelve  or  more  rubber-disks  (THg,  139)  in  each  set, , 
seating  upon  grated  oi>euings  in  a  flat  valve-plate.    Eiicli 
subdivision  increases  the  frictional  rt^sistance,  but  reduces  J 
the  force  of  the  blow,  or  waier-hammer^  when  the  valva] 
sti-ikes  its  seat. 

The  suction  and  delivery  valves  of  the  piston  pumps! 
(Fig.  134)  wei-e  usually  of  the  flap  or  hinged  pattern.  These  j 
piston-pumps  had  sometimes,  though  rarely,  their  cyUndera ' 
placed  vertically,  aa  at  the  Centre  Square  AVorks  erected  in 
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Philadelphia  in  1801,  and  at  the  Schuylkill  Works  erected 
in  the  same  city  in  1844.  They  were  ijicliiied  ten  or  twelve 
degrees  fi"om  the  horizontal  at  Montreal. 

The  horizontal  plunger, 
or  *'  Worthington ' '  pumps 
(page  223),  have  uniformly 
been  fitted  with  nests  of  rub- 
ber disk  valves. 

The  best  of  the  modem 

am  fire-engines  are  fitte<i 
with  nests  of  rubber  disk 
valves,  showing  that  this 
class  of  valve  is  a  favorite 
when  tlie  pressure  is  great  and  the  motion  is  rapid* 

The  rubber  disk  valve  (Fig*  139)  was  sketched  from  an 
Amoskeag  lire-steamer  valve. 

545.  3Iotioii  of  Waior  Through  PuiiipH.— Water  is 
so  heavy  and  inelaistic  tluit  large  coluuins  of  it  cannot  l>e 
quickly  started  or  stopped,  without  the  exeilion  or  opposi- 
tion of  great  power  to  overcome  its  inertia,  or  vis  viva. 
There  is  therefore  an  advantage,  as  resi>ects  the  even  and 
moderate  consumption  of  powx^r,  when  the  piston  or  plunger 
motion  is  reciprocal,  in  making  the  strokes  long,  and  few 
per  minute. 

The  case  is  entirely  diffenmt  with  an  elastic  fluid  like 
steam.  The  tendency  of  the  most  successful  modem  st4-am 
engineering  has  bc^n  towaixl  quick  strokes  and  lii«j:h  steam 
pi'essures,  and  with  high  degrees  of  expansion  in  tlie  larger 
engines. 

The  "indoor*'  ends  of  the  beams  of  the  best  Cornish 
pnmping-engines  are  longer  than  the  **  outdoor"  ends,  and 
it  is  claimed  as  one  of  their  sprcial  advantages  that  the  in- 
door or  steam  stroke  that  liftB  the  plunger  pule  can  be  made 
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Willi  rapidity,  while  the  outdoor  gtroke,  or  £all  of  the 
plui^r  by  its  own  weight,  can  be  gradual,  and  thus  tlie 
water  be  j>ressed  forward  at  a  utmrly  steady  and  uniform 
rate.  The  single-cylinder,  single-acting,  non-rotative  Cor- 
nisli  engine  is  admirably  adapted  to  the  work  to  which 
it  was  early  applied  by  Watt  and  Boulton — namely,  the 
raiaillg  of  water  from  the  deep  pits  of  mines  by  guc- 
eeesiTe  lifts  to  the  surface  adits,  where  it  flowetl  freely 
away;  but  when  applied  to  long  force-mains  of  water- 
supplies,  a  stand-pipe  near  the  pump  becomes  a  necessity 
to  neutralise  the  straining  and  laborious  effects  of  the  inter- 
mitlent  action. 

546.  Douhle-Aetliig  Piiiii|itiif^-Gngine8. — The  de- 
are  to  overcome  the  objectionable  intermittent  delivery  of 
the  ^Qgle^aeting  pump,  as  well  as  the  influence  of  the  shai^) 
€om}K4ition  among  engine-builders,  that  forced  them  to 
filu4y  methods  of  economizing  the  first  cost  of  the  machines 
wliile  maiutaining  their  capacity  and  economy  of  action, 
kd  to  the  introduction,  for  water-supply  pumping,  of  the 
eoQipound  or  double  cylinder,  double-acting,  rotative  or 
fly-wheel  ei^gilia  This  last  class  of  engines  was  brt>ught  to 
a  high  state  of  perfe<*tion  by  Mr.  Wicksted  and  Mr.  Simp- 
con  at  the  London  pumping  stations  Some  admirable 
pumping  roachinee  of  this  class  have  been  construct*^  for 
American  water-works  from  designs  of  Messrs.  A\' right, 
CrPiieir,  Leariit,  and  others. 

M7,  Geared  Putupiiifir-Eugrines,— Geared  compound 
pnm|ungH>iigine6*  one  stj  le  of  which  (the  Nagle)  is  shown  in 
iideaiid  end  elevations**  in  Pigs.  140  (p.3Tr)  and  141  (p.  578), 
aiv  w^  adapt*»d  both  for  direct  pumping,  and  also  where 
Uii^  f^eeiToir  and  direct  systems  are  combined.    Advantage 


*  IN«Hi  lli^  ikolipt  Adopted  for  the  Pforideiioe  High  Sendee,  ftud  working 
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may  here  be  taken  of  high  pressnre  of  steam,  rapid  steam 
piston  stroke,  and  lai^e  degree  of  steam  expansion,  while 
the  water  piston  moves  relatively  slow  with  a  minimum^ 
number  of  reversals.  ^M 

548.  CoHtn  of  Piimpuigr  Water.— The  following  table 
(p.  676)  gives  the  running  expenses  for  pumping  water  in 
various  cities. 

549.  Duty  of  Pumping  Engines.— The  duty  or 
effective  work  of  a  steam  pumping-engine,  as  now  usually 
e3q)ressed,  is  the  ratio  of  the  product^  in  foot-pounds,  of 
the  weiglit  of  water  into  the  height  it  is  lifted,  to  one  h\m* 
dred  pounds  of  the  coal  burned  to  lift  tlie  water. 

This  standard  is  an  outgrowth  from  that  established 
by  Watt,  about  the  jear  1780^  for  the  purpose  of  comi>ar- 
ing  the  performances  of  pumping-engines  in  the  Cornish 
mines,  wlien  Messi-s.  Boulton  and  Watt  first  introduced 
their  improvc^d  pumping-engines  upon  condition  that  their 
compensation  was  to  be  derived  from  a  share  of  the  saving 
in  fii^L  Watt  first  used  a  bushel  of  coal  as  the  unit  of 
measm-e  of  fuel,  equal  to  about  94  pounds,  and  afterward 
a  cwt.  of  coal,  equal  to  112  pounds.  More  recently,  in 
European  pmctice,  and  generally  in  American  practice^ 
100  pounds  of  coal  is  the  unit  of  measure  of  fuel.  In  som^ 
recent  refined  exi^eriments,  the  weight  of  ashes  and  clinkei 
is  deducted,  and  the  unit  of  measure  of  fuel  is  the  combus- 
tible portion  of  100  pounds  of  coal.  The  use  of  these  sev- 
eral units,  differing  but  slightly  from  each  other  in  value, 
leads  to  confusion  or  apjiarent  wide  discrepancies  in  results^) 
when  the  performances  of  different  pumping-engines  ai 
compai*<^d,  unless  the  results  am  all  reduced  to  an  uniform' 
standard. 

T<>  constnict  an  equation  in  conformity  with  the  more 
generally  accepted  standard  of  duty,  let  Q  be  the  volume 
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of  water  delivered  in  any  given  time  into  the  force-main,  m 
gallons;  w  the  weight*  of  a  gallon  of  water  in  pounds 
(=8.34  lbs.  approximately) ;  B  the  dynamic  height  of  lift; 
h  the  height  equivalent  to  the  frictional  resistance  betweeni 
pumps  and  reservoir,  including  resistances  of  flow,  valves^  I 
"bends,  etc,,  in  the  force-main,  but  not  the  work  due  to  in- 
termittent motion  of  pumps,  or  to  bends  and  frictions  within  j 
tlie  pump  il«ielf ;   W  the  weighty  in  pounds,  of  coal  pass«j*d| 
into  the  furnace  in  the  given  time ;  and  D  the  duty  per  lOOJ 
pounds  of  coal ;  then 


(10)j 


Sometimes  the  value  of  ©  is  expressed  in  cubic  feet,  in 
which  case  w  is  the  weight  in  pounds  of  a  cubic  foot  of 
water  (=  62.33  lbs.  approximately)*  ^H 

If  it  is  preferred  to  use  the  area  of  plunger,  its  mean  rato^l 
of  motion  in  the  given  time,  and  the  pressure  against  which 
it  moves,  as  factors  in  the  calculation,  then  the  equivalent 
equation  of  duty  -D,  takes  the  form, 


^  -  ,01  IF  ■' 


(11) 


in  which  A  is  the  area,  in  square  feet,  of  the  piston  or 
bucket,  and  e  its  coefficient  of  eflTective  delivery,  which] 
varies  from  .60  to  .98,  accoiiiing  to  design  or  condition  of 
the  valves  and  velocity  of  flow  through  them  ;  V  the  mean 
rate  of  motion,  in  feet  per  minute,  of  the  plunger  or  bucket ; 
t  the  given  time,  in  minutes ;  P  the  pressure,  in  pounds,  1 
due  to  the  dynamic  head  ;  p  the  pressure  in  pounds  due  to 
the  resistances  in  the  force-main ;  and  W  the  weight  of 

*  Ftdtf  TMiB  88  for  weigbte  of  water  per  cubic  foot,  at  difierent  iempenlufea. 
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coal,  in  pounds,  passed  into   the  furnace  in  the  given 
time.  J 

IT  TFis  taken  for  denominator  in  the  equation  instead  of* 
.01  IF,  then  the  result  gives  tbt*  duty  per  pound  of  coal. 

The  numerator  in  each  equation  refers  to  the  foot-pounds 
of  work  done  by  the  plunger  or  bucket  of  the  pump  in  effec- 
tive delivery  of  water  into  and  efflux  from  the  force- main, 
and  the  denominator  refers  to  the  foot-pounds  of  work  con- 
verted from  the  heat  in  tlie  coal,  and  effectively  applied  by 
the  combination  of  boiler  and  steam  engine.  ^ 

The  coefficient  e  and  the  terms  h  and  p  in  equations  10 
and  11  are  ordinarily  appreciably  variable  with  variable 
rates  of  plunger  or  bucket  motion.    Preliminary  to  a  gt^neral, 
duty  test  of  a  pump  the  values  of  c  for  different  velocitie«1 
or  rates  of  piston  motion,  fi*ora  minimum  to  maximum, 
should  be  determined  by  a  reliable  and  accurate  weight  or 
weir  test,  and  the  value  of  h  or  p  be  accurately  determined j 
for  siniDar  conditions  by  an  accurate  gauge  or  pressure  test,  ' 
and  a  scale,  per  unit  of  velocity  prepared  for  each,  so  tliat 
values  may  be  read  off  for  the  actual  rates  of  piston  motion 
during  the  general  test.  J 

The  main  parts  or  divisions  which  make  up  a  steam 
pumping  engine,  are : 

1,  Boilers  (ineludiog  grates,  heating  surfaces,  steam  and 
water  spaces,  and  flues). 

2,  Steam  engine  (including  steam  pipes,  cylinders,  valves, 
pistons,  and  coodensing  apparatus).  | 

3,  Pump  (including  water  passages,  cylinders,  plungeri 
or  bucket,  and  valves).  " 

In  comparisons  of  data,  for  the  selection  or  design  of  the 
parts  of  such  a  combination,  the  classes  of  each  part  should 
be  considered  in  detail,  indeix^ndently,  with  prime  costs, 
87  i 
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since  if  either  part  gives  a  low  duty  alone,  the  duty  of 
combuiatioD  will  suffer  in  consequence. 

Attention  wiU  be  given  especially  to  the  evaporatiT 
power  of  the  boiler  aad  its  duty,  or  ratio  of  effective 
tlieoretical  pressui'e  delivered  into  the  st4iam  pipe ;  the  effoe- 
tive  piston  pressure  capabUities  or  duty  of  the  steam  cylU 
der,  over  and  above  its  condensations,  enhanced  by  sloi 
motion,  leakages  of  steam,  and  frictions ;  and  the  IrictionaLl 
resistances  of  the  pump  piston  or  plunger,  and  valves,  and 
reactions  in  the  water  passages. 

Each  pound  of  good  coal,  according  to  the  d\-narai 
thei>ry  of  iieat,  contains  in  its  combustible  part  about  14,00( 
heat  units,  which  are  develni>ed  into  a  force  by  the  bumir 
of  the  coal  to  produce  steam,  and  this  force  is  C4[ipable 
performing  a  definite  amount  of  work.    From  sixteen  to 
twenty  per  cent,  of  these  heat  units  are,  ordinarily,  lost  bj 
escape  up  the  chimney ;  sixteen  to  twenty  per  cent  addl 
tional  are  lost  by  condensation  of  tlie  stt^am  in  the  pip 
and  cylinders,  and  by  leakage  past  tlie  piston  or  valves  into 
the  condenser,  and  alxjut  fifty  per  cent  of  their  equivalent 
escape  with  the  exhaust  steam  into  the  condenser.     Only" 
about  ten  or  twelve  per  cent,  of  these  heat  units  are  ordi* 
narily  tmnsformed  into  actual  useful  work  done  by  the 
steam. 

If  the  engine  lias  many  rubbing  surfaces,  or  binds 
any  bearing,  or  if  the  pumps  have  crooked  water  passage 
many  divisions  of  the  jet  in  the  valves,  frequent  and  rapid 
startings  and  checkings  of  the  water  column,  or  if  its  binds 
at  any  bearing,  then  each  of  these  resistances  consume 
portion  of  the  remaining  ten  or  twelve  per  cant  of  usef 
work  of  the  steam. 

Stability  and  substantiality  are  matters  of  the  utmc 
importance  to  be  considered  in  the  selection  of  a  class 
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manufacture  of  pmnpiag  engines.  By  these  terms,  in  this 
connection,  we  mean  the  capabOity  of  endumnce  of  contin- 
uuus  action  at  the  standaixi  rate  and  worli,  without  stoppage 
for  rei>airs,  and  with  the  minimum  expcoditure  for  repairs. 
This  power  of  continuous  work  at  a  maximum  rate  is  of 
far  greater  value,  ordinarily,  than  an  extremely  high  duty, 
if  stability  is  sacrificed  m  part  for  the  attainment  of  a  high 
duty,  for  the  comfort  and  safety  of  the  city  may  be  jeopard- 
ized by  a  weakness  in  its  pumping  engine.  Stability  being 
first  attained,  then  duty  becomes  an  element  of  excellence 
and  superiority. 

Fin    142, 


CSVBLiH'a  DUPl,«X-JOHVAL  TiniSmm   (ft.    D,   WOOD  ft  CO,,    fHtLA.) 

550.  Special  Trial  Duties.— Tlie  following  table  (page 
ives  the  duty  results  obtained  by  special  trials  of 

Tarious  engines,  under  the  direction  of  experts.* 

551.  Economy  €>f  a  Hi j^li  T>iity,— The  financial  value 
of  a  high  duit/  is  too  often  overlooked. 

♦  Vide  Import  of  Messre,  Low,  Roberta  and  Bogaii  ;  ill  JoQlual  of  American 
SoelHy  of  Civil  Kngineera.    Vol.  IV,  p.  142. 
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TABLE     No.    116, 

Comparison  of  Values  of  Pumping-Engines  of  Vajuocis 
Costs  and  Duties  on  Fuel  Bases. 


CofT^Crf. 

Dirrvsi?. 

^«^="- 

Ratio. 

$65,000 

100  M. 

650.0 

I. 

60,000 

90     " 

666.6 

1,025 

50,000 

75    " 

666.6 

1*025 

45.000 

60    " 

750.0 

1*153  H 

35.000 

50    " 

700*0 

1.077  ^ 

25,000 

30    " 

833.3 

1.282  ^ 

By  t!ie  column  of  ratios  in  the  table  we  learn  that  the 
$25,CMX)  engine  will  really  cotst  twenty-eight  per  cent,  niorej 
per  annum  than  tlie  $G5,(XX)  engine,  for  the  same  work,  and! 
that  the  purchase  of  the  assumed  standard  engine,  if  it  has^ 
stability  equal  to  that  of  the  lower-priced  engine,  will  lead 
to  the  most  profitable  results. 

In  the  table,  the  $50j(XX)  puraping-engine  giving  a  seventy-^ 
five  million  duty,  is  seen  to  have  a  financial  value  almost^ 
identical  with  tliat  of  the  assumed  standani  engine.     If  it 
is  also  freer  from  liability  to  breakage  or  interruption,  if  it 
requires  less  labor  or  less  skill  in  attendance,  if  it  is  easierJ 
in  adjustment  to  varying  work  when  variable  work  is  to' 
be  piuformed,  or  if  it  is  better  adapted  mechanically  to  the^ 
special  work  to  bo  performed,   then  the  practical  ore 
balances  the  financial  advantages,  and  it  is  obviously  en- 
titled to  preference  in  the  selection,  and  good  judgment  will 
leail  to  the  purchase  of  this  rather  than  of  the  assumed 
standard  engine. 
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CHAPTKR   XXV. 

TANK    STAND-PIPES. 

552.  Tlieir  Fuiietioii.— Many  municipalities  are  sit- 
uated in  slightly  uoflulating  districts,  where  elevated, 
embitnked,  or  masonry  i-eservoirs,  of  capacity  to  hold  a1 
supply  of  water  equal  to  tive  or  six  days'  drauglit  of  the 
town,  or  more,  are  unattainable.  In  snch  places,  the 
metallic  tank  stand-pipe,  or  water-tower,  located  on  some 
moderate  elevation,  or  raised  on  a  ti^stle,  or  masonry  tower, 
Ijecomes  a  valuable  adjunct  to  the  water  system,  and  espe- 
cially 90  to  the  systems  of  the  smaller  towns  and  villages^ 
where  its  capacity  ought  always  to  equal  a  full  day's  con- 
sum]>tion  of  water. 

The  tank  ntand-pipe  has  gi-eat  value  in  connection  with 

steam  pumping  plants  unconnected  with  a  large  elevated 

Bmservoir,  when  compared  mth  direct  pi^ssure  alone,  for  a 

W  steam  boiler  cannot  so  promptly  re8p*)nd  with  increaserl 

■    pressure  to  a  demand  for  a  large  increase  of  flow  at  the 

hydrants,  as  can  the  water  jiower  of  the  usual  hydmulic 

I    pumping  plant.     The  ready  iilled  elevated  tank  may  save  a 

delay  in  increased  volume  and  pressure  of  water  that  saves 

^  also  oue-half  the  town  fiom  destniction  by  fii-e, 

I         An  efficient  hydrant  Htream  delivers  approximately  two 

I    hundretl  g-allons  of  water  per  miuute,  and  a  24xUH)  feet 

I  tank,  holding  a  quarter  of  a  million  gallons  of  water,  would 

supply  five  such  streams  four  hours,  or  would  contain  the 

daily  supply  of  fifty  gallons  each  for  five  thousand  jiersons, 

and  if  its  base  was  sufficiently  elevated  would  allow  of  tlmj 
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daily  piuiiijing  for  three  thousand  pei^sons  to  \ye  i)erformed 
in  about  ten  bom's  of  each  day,  which  would  give  favorable 
stoppages  of  all  the  machinery  for  inspections,  cleanings 
and  i-epaii's,  and  might  cover  many  contingencies*  For 
inst^mce,  a  pumping  machine  might  so  break  as  to  destroy 
its  mate,  a  boiler  might  burst  so  as  to  destroy  the  whole 
battery,  tlie  pump  house  might  burn  or  be  blown  up,  a 
break  in  the  forre  main  might  do  serious  injury  to  the 
pump  house,  the  machinery,  it^  duplicate  main,  etc.  ;  thus 
tlie  tank  may  save  its  cost  in  one  day,  and  it  is  a  perpetual 
protestor.  For  many  I'easons,  their  use  is  becoming  gen- 
eral where  the  larger  reservoii's  are  impossible. 

553,    Fiiniidatloiis. — An  excellent  class  of  masonrj'  is 

necessary  for  tall  Htand-pipe  foundations,  because  the 
resultant  pressures,  a^f/,  Fig.  143,  fmm  the  gi'eat  weight  of 
water,  combined  with  the  wind  force  upon  the  tank,  or  its 
inclosing  superstructure,  often  has  its  direction  near  to  the 
edge,  or  outside  the  base  of  the  metal  shell,  and  severe 
pressures  are  thus  thrown  upon  the  outside  edge  of  the 
foundation,  Tlie  wrenching  action  of  the  winds  under  such 
conditions  tends  to  movements  and  disintegrations  of  the 
masonry* 

In  good  coursed  masonry  with  strong  cement  mortar, 
such  pressures  should  be  kept  within  limits  as  follows : 


Concrete  masonry 

fSS 

lbs. 

per  sq.  in. 
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4 

tons 
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The  foundation  should  be  sufficiently  broad,  so  that  the 
direction  of  the  greatest  resultant  of  weight  and  wind  mil 
€ut  the  base  within  one-fourth  diameter  distance  from  ite 
centre. 
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554.  Wind  Strain**,  —  Tornadoes  attack  iininclosed 
stand'pii>^s  with  the  most  destructive  lorcea  tliey  have  to 
withstand. 

The  severe  forces  of  the  wind  are  to  be  considered  in 
determining  their  intiterLds,  thicknesses  and  anchomges. 

When  tlie  uiiinclosed  tank  is  empty,  it  is  least  stable 
against  w  ind  forces,  as  i-espects  horizontal  sliding  and  ten- 
dency to  overturn. 

Wind  pressure  upon  the  curved  surface  of  one  senii- 
cmuunferenre  of  a  vertical  cylindriml  tank  may  be  consid- 
ered as  acting  xi\Hm  an  hifiuit-e  series  of  equal  tangential 
snrfiices  surrounding  the  curve,  and  the  ratio  of  eifet^t  of 
the  fort*e  in  the  direction  of  the  centre  of  the  curve  will,  on 
each  tangent,  equal  the  cof^ine  of  the  interior  included  ;mgle 
l>etweeu  the  taTigent  and  direction  of  the  wind.  The  meaft 
of  the  series  of  cosines  thus  develojied  is  .70711  +  ,  and  the 
resultant  effect  of  the  sum  of  forces  in  a  direction  parallel 
with  the  geneml  motion  of  the  wind  is  as  the  square  of  this 
Tuean  cosine,  or  ,5,  The  sum  of  the  series  of  cosines  equals 
the  diameter  of  the  cylinder.  We  may,  therefoiv,  consider 
the  force  of  the  wind  as  acting  upon  the  diauK^trical  plane 
of  the  tank,  which  is  perpendicular  t^  the  direction  of  the 
wind,  with  .6  its  normal  force,  or  if  the  tank  is  octagonal 
with  ,79  its  normal  force,  and  if  the  tank  is  square,  with 
its  full  normal  force.  In  severe  gales,  the  normal  force  of 
the  winrl  is  sometimes  40  grounds  j}er  squai'e  foot. 

5511,  Tt'iideiiey  to  Slide.  —  Tanks  as  usually  con- 
structed have  not  sufficient  weight,  when  empty,  to  resist 
the  tendency  to  a  sliding  motion  when  a  very  strong  wind 
is  pressing  on  them. 

If  we  assume  the  extreme  force  of  the  wind  on  a  plane 
at  right  angles  to  its  direction  as  40  pounds  =  P  per  square 
foot,  and  consider  P  as  acting  on  tlie  diametrical  plane  A 
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=  diametrer  d  into  height  H  oi  tiink,  and  the  ratio  of  effect 
equal  .5,  then  we  have  the  total  distributed  force  of  the 
wind  W  upon  the  tank,  Fig.  143, 

W^  SiPdll^  ,^PA.  (1) 

If  the  Uink  in  not  bolted  or  anchored  in  some  manner  to 
the  foundation,  its  resistance  to  sliding  motion  equals  its 
total  weight  M  into  its  coefficient  z  of  friction  (mean  coef, 
about  ,25) ;  hence  the  product  zAf  =  Mo  must  be  greater 
than  ,5PA,  or  the  tank  must  he  anchored  in  position, 

550*  Tendency  to  Overturn,  —  Tank  stand-pipes 
that  are  relatively  tall  usually  lack  stability  agaiust  ten- 
dency to  overturning  when  a  very  strong  wind  is  pressing 
on  theuL 

We  have  in  the  last  section  found  the  total  pressure  of 
wind  on  a  ijlain  vertical  cylindrical  tank  to  be 

W  =  ,5PA, 

Tills  pressure  is  distributed  over  an  entire  semi-circuni- 
femnce  of  the  tank,  but  for  computation  of  its  effect  we 
may  consider  its  centre  of  pi^ssiire  and  resultant  as  acting 
upon  the  centime  uf  graidty  of  the  vertical  diametrical  plane 
which,  in  the  i>lain  tank  of  equal  dianieter  throughout  its 
height,  is  at  the  centm  of  height  =  ^/Z;  therefore  the  lev- 
erage action  in  such  ca,se  equals  J//,  and  the  moment  of 
wind  force  TF| ,  tending  to  overtuiii  the  tank,  equals 

TT,  =  {,5PA)  X  ^H  =  JrllW,  (2) 

If  there  are  external  coinices,  tmiamentjS  or  stairways, 
their  wind  rt»8idtant8  must  lie  computed  and  included 
in  W,, 

The  moment  of  resistance  Mi  of  the  empty  tank  to  the 
_iiioment  of  wind  force  equals  its  total  weight*  3/,  into  the 
listing  leverage  of  one-half  the  diameter  of  the  base. 
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M,  =  \dM\ 


(3) 


I 


hence,  the  moment  JfJ  =  ,5dM  must  be  greater  than  the 
momeot  Wi  =  SyllWy  or  the  tank  must  be  anchored  in 
position  • 

Table  No.  117  illustrates  these  wind  and  weight  effects 
on  empty  tanks. 

TABLE      No,     117. 
Tank  Stabilities  of  Position* 

(/*  =  40 1b5«  p«r  aq  fL^  ^  =  cltAm.  in  ft.,  M  =  height  to  ft,) 


c 


Tons 

4 

7-875 
11.250 
20.125 
28.200 


Tona. 

236.25 

450- 
J  006. 25 
1692* 


II 


I 


Todf. 

500 

750 
1000 
1250 
1500 


2  lA 


'12 


Toto. 
108.0 

9«5*5 

750 

37-5 

3*2 


When  the  leverage  moment  of  wind  Wi  on  the  emptj^ 
tank  exceeds  the  leverage  moment  of  weight  Jfi,  the 
deficiency  is  covered  by  bolting  the  base  of  the  tank  to  it« 
foundation. 

The  weight  of  anchomge,  B,  elas|x^d  by  the  bolts  should 
be  not  less  than 


J>d 


M, 


(4) 


fin  which  b  equak  the  depth  the  bolta  extend  into  the 
masonry  foundation.  This  gi  ves  a  small  coefficient  of  safety 
as  the  foundation  semi-diameter  exceeds  thf»  tank  semi- 
diameter.     If  I)  equals  the  diameter  of  the  foundation, 
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then  ,25i>  iimy  besiibstitnted  for  ,5d  as  the  tlivieioriB  the 
equation  of  B, 

557.  Taiik  Materials*— lo  metal  tank  lonstruction 
thei"^  is  much  that  is  parallel  with  good  boiler  manufacture, 
but  the  tanks  are  not,  in  use,  subjected  to  the  blistering 
effects  of  hot  f  iimaee  gases,  or  to  so  great  a  range  of  expan- 
sion and  contmction. 

Tall  stand-pipes,  that  an^  not  inclosed,  ai'e  subject  to 
intense  pi-essiire  strains  t^^nding  to  tear  open  thefr  vertif*ul 
joints,  and  intense  leverage  strains  tending  to  tear  ojien 
horizontal  joints  near  their  bases. 

A  portion  of  the  ii]>]>er  section  of  the  tank  of  me<1ii:m  or 
sTiiall  <liameter  requires  only  a  thin  sheet  of  metal  to  with- 
Ht4nid  the  pressure  of  the  water  alone,  but  a  surplus  of 
metal  is  usually  necessary  near  the  top,  to  give  the  desiretl 
rigidity,  and  in  many  cases  to  resist  the  strain  from  ice 
that  may  form  on  the  surface  of  the  water  when  it  is  quiet. 
Sheets  of  lower  sections  have  more  pressure  strain  and 
i^uire  a  better  quality  of  material,  while  tJie  lower  sheets 
of  tall  pipes  demand  all  the  best  qualities  of  fii-st  class  iron 
or  steel  boiler  plates,  and  should  be  thoroughly  inspected 
as  to  thickness,  tensile  strength,  and  ductility,  and  be  free 
from  "cold-short"  or  brittle  qualities, 

A  weight  *  test  of  each  sheet  is  a  convenient  check  on 
the  accuracy  of  the  gauge  test  of  thickness,  and  the  usual 
cold  l>end  tests  along  and  across  the  grain  give,  in  the  most 
simple  manner,  inilications  of  the  imperative  qualities  of 
toHfrhness  and  ductility  of  the  plates  and  rivets. 

For  reliable  comparative  tests  of  ultiniate  tensile  resist- 
ance, limit  of  elasticity  and  uniformity  of  texture,  resort  is 
had  to  a  testing  machine  adapted  to  such  experiments. 


Vide  TBbl#»  No.  100.  |iage  488.  for  weiglits  of  mefol  pliit459» 
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Metals  used  for  high  pressures  should  be  selected  from 
jilates  tliiit  hiive  l>eefi  branded  with  the  name  of  the  manii' 
factuivrs  and  tensile  sti^iigth. 

Internal  laminations  in  thick  plates  of  iron  or  puddled 
steel,  caused  l>y  imperfect  welds  under  the  rolls ;  internal 
porous  strata  of  cinder  or  siind,  and  internal  blisters  may 
elude  detection  only  by  careful  tapping  hammer  tests. 

Some  careful  experimentii  liave  been  made  to  ascertain 
the  comparative  resistances  of  iron  and  steel  to  nist,  when 
in  contact  with  water,  and  the  advantage  was  found  to  be 
slightly  with  the  iron»  therefore  the  I'eduction  of  thickness 
of  steel  1  dates  for  a  given  strength  maybe  offset  by  the 
weakening  effects  of  oxidation, 

558,  Rivotiiigr. — As  plates  are  always  weakest  along 
the  lines  of  rivet  holes,  their  additional  thicknesses  to  give 
joints  the  i^equired  strengths  will  be  considei'ed,  or  included 
in  the  magnitude  of  the  factor  of  safety,  when  adjusting 
their  proportions. 

In  punching  plates,  the  holes  are  laid  out,  so  far  as  pos- 
iWe,  to  retain  at  least  seventy  per  cent,  of  the  area  of  the 
sheet  along  the  punched  section,  and  on  the  other  hand  the 
rivets  are  as  large  as  necessary  to  limit  the  pressure  on  tlie 
rivet  bearing  of  the  punched  liole  to  15000  pounds  per 
square  inch  of  '* bearing  area,'"  so  called,  wbirh  is  found  liy 
taking  product  of  diameter  of  hcjle  into  thickness  of  plate. 

Various  experiments  show  the  relative  strengths  of  riv- 
eted joints  in  onedialf  inrh  pliites  to  have  mean  values  of 
the  full  strength  of  tlie  plates  about  as  follows : 


Strength  of  unpunched  plate  . . , i*ao 

"         **  single  riveted  lap  joint 56 

«        **  double     "  **         .,.. 70 

•*         **       *'  **        single  wett  joint. ,        .65 

'*         **       "  "       double  welt  joint.       ,78 
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These  percentages  are  slightly  greater  in  thiimer  an 
slightly  less  in  thicker  plates. 

Double  riveting  of  the  veitical  lap  joints  saves  an  addi^ 
tlon  of  from  twelve  to  fifteen  per  cent,  to  the  thickness 
the  plates,  to  cover  weakness  of  joints  under  heavy  pressure 
of  vrater,  and  the  butt  joint  with  double  covering  plate  gives 
a  slight  additional  saving. 

The  rivets  in  the  lower  horizontal  joints  of  tall  stand^ 
pil>e»  A^ill  l>e  relievtKl  of  much  shearing  strain  if  the  joint 
are  butted  and  covered  with  double  welt  plates.    The  m<p 
ultimate  shearing  strength   of  each  rivet  is  abont  thr 
fourths  its  ulriraate  tensile  resistance. 

The  entire  lap  of  a  single  riveted  joint  is  about  three 
times  and  of  a  double  riveted  joint  about  five  times  the 
diameter  of  the  rivet,  while  the  width  of  the  covering  plate 
for  a  double-riveted  joint  is  nine  or  ten  diameters  of  the 
rivet. 

The  covering  plates  for  single  riveted  joints  should  be^ 
slightly  thicker  than  the  tank  plates  they  coven 

Those  plates  subject  to  great  pi'essure  should  have  thei] 
edges  planed  so  that  the  calking  may  be  more  uniform 
reliable. 

Table  No.  118  will  give  data  of  joints  subject  to  consid- 
erable pi'essure. 

TABLE      No.     118, 
Pitch  and  Sizes  of  Rivets, 


Thlc knes»  of  Plates.  \    . aeoo 
inches.              1     ^ 

3"5 

T 

T 

'T 

,.. 

■r 

.6875 

T 

Sjas 

'Til' 

t 
t 

Diameter  of  Rtreis,    i     ». 
inches,              1    '* 

s 

H 

u 

K 

H 

\ 

K 

1 

I 

t 

t% 

'^ 

LeoRth  of  Rivets,      [  t     . - 
inches.                  '^ 

lA 

Mi 

a 

«^ 

Bt\ 

3* 

«li 

2 

3H 

ik 

lA 
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Pitch  In  single            Li  ,Lr 
riveted  joints^  1     "* 

Pitch  In  double          1     ,^ 
riveted>ints.  f    '* 

tH 

m 

m 

iX 

»v 

*h 

•H 

*H 

•5* 
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iH 
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a 
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559.    PreKsuroR   in  Iiielosed  Stjiiid-Pipes*— In   a 

tank  contiiining  water,  and  protected  from  the  forces  of  the 
winds,  the  bui'sting  pressui'e  p  of  the  water  per  sqiinre 
inch  on  the  interior  surface  of  the  tank  shell  is  dii'ectly  aa 
the  head  //  of  water  on  the  given  inch,  and  in  pounds  per 
squai-e  inch  equals 

p  =  AMh.  (5) 

The  theoretical  thickness  /  of  the  circular  metal  sheet  at 
any  given  depth  from  full  water  surface  may  be  computed 
by  the  formula  hemtofore  given  (g  446,  p.  448)  for  cylindri- 
cal shells,  visfi, : 


t  = 


_  P^ 


s 


x/, 


(6) 

(7) 


in  which  t  =  thickness  of  metal  sheet,  in  inclies. 

p  =  pressure,  for  given  depth  //,  in  pounds  per 

sq.  in. 
r  =  radius  of  cylindrical  Hhell,  in  inches. 
«  —  ultiiiiat43  cohesion  of  metal  used,  in  lbs.  per 

sq.  in. 
/  =  factor  of  safety  adopted, 

560.  Faetorn  of  Hafety. — In  tall  stand -pi |)es  the  risk 
of  rupture  in  the  joints  increases  more  rapidly  with  depth 
below  water  surface  than  the  nitin  of  tliickness  of  metal, 
due  to  pressure  alone  ;  hence  the  coefficient  should  incivase 
with  the  depth,  say  from  H  or  4  for  twenty-five  feet  depth 
to  6  or  7  for  one  hundred  and  fifty  feet  depth. 

The  increase  of  the  factor  of  safety,  /,  may  follow  nearly 
a.s  the  eleventh  root  of  the  fourth  power  of  the  depth, 
whence, 

/=AA  (8) 
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Several  values  of  /  thus  obtained  are  given  in 
No.  119,  for  the  formula 


TABLE      No,     119. 
Factors  for  Metal  Tanks* 


Depth  =  i, 
intect. 

Pressure  =  >. 
m  lbs. 

Fftctor  =/. 

ZO 

8.68 

2,972 

.000573 

*S 

10.85 

3223 

.000777 

■          ^° 

13.02 

3-445 

,000996^ 

1        35 

JS'19 

3643 

001229l^H 

1         4o 

17  36 

3.824 

-<^'47^| 

1         ^° 

21.70 

4.14S 

.00200Q^H 

1         t" 

26.04 

4  43* 

.OO2567H 

m    So 

3472 

4.921 

•<^<^379rH 

too 

43- 40 

5*337 

'<^S^47^ 

120 

52.08 

5.702 

,006599^ 

140 

60.76 

6.031 

.oo>i43 

160 

69.44 

6-33» 

,009769 

180 

78.12 

6.608 

.011471 

200 

86.80 

6.867 

.013^45 

The  quotient  of  {/p)'i-s  into  the  radius  in  inches  givea^ 
the  thickness  of  sheet,  in  inches,  for  the  given  depth, 
resist  pres^nre  of  wcUer  anli/. 

561*   Cirades  of  Mt^taln. — Pressure  alone  i^uires  bm 
very  thin  sheets  of  iron  in  the  upper  sections  of  small i^i 
not  enough  to  give  tlie  required  rigidity^     The  upper  shee 
are  liable  to  the  most  rapid  deterioration  by  oxidations  of 
any  portion  of  the  pipe,  wheiv  they  are  subject  to  frequent 
alternate  wettings  and  dryings  by  rises  and  fells  of  the 
water,  and  are  most  liable  to  strains  by  ice  expansion,  i^^ 
the  water  surface  is  quiet  during  very  cold  weather.  ^M 

For  such  I'easons  the  upper  sheets  should,  in  practice, 
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be  Dot  less  tUan  tliree-sixteenths  inch  thick,  with  a  stiffen- 
ing angle-bar  at  the  top,  and  usually  the  top  sheets  are  one- 
quarter  inch  tluck. 

When  the  compnted  pressure  sti'aio  calls  for  uon  or 
steel  sheets  exceeding  about  one-quarter  inch  tliickness,  it 
is  advisable  for  economy  to  use  a  good  grade  of  metal, 
having  ultimate  tensile  strengilis  of  at  least  4(KXK)  or  450CM) 
pounds  per  square  inch. 

The  upper  sheets,  where  there  is  a  large  surplus  of 
thickness,  may  be  of  a  lower  grade  of  iron,  or  28000  to 
3(XHX)  pounds  tensile  resistance  per  square  inch, 

a6*i.  Liniitini?  Depths  and  ThiekuesseH  of 
Metals.— Transposing  the  formula  of  ihickneiis  for  varying 
pressures  and  diameters. 


X  ■'—  = 


we  have  the  formula  for  depth,  h,  to  which  different  thick- 
Beeaes  of  sheets  for  varying  diameters  of  tanks,  may  extend, 
to  sustain  the  internal  pressure,  with  the  given  factor, 

is  ts 


A  = 


.434/7*  X  12       2.604^//' 


(») 


in  which  t  =  thickness  of  the  metal  sheet,  in  inches. 

s  =  ultimate  cohesion  of  metal  used,  in  lbs.,  per 

sq.  in. 
d  =  diameter  of  tank,  in  feet. 
h  —  depth  frara  surface  of  water,  in  feet. 
f  =  factor  of  Kifety  used,  and  found  by  interpoli^ 

tion  in  the  aJxive  table.  No.  119,  of  factors. 

Table  No.  12<),  based  on  the  above  formula  for  A,  will 
show  at  a  glance  the  limitini?  depths  below  full  water  sur- 
face, at  which  given  thicknesses  of  sheets  must  l^e  changed  ia 
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inclosed  tanks,  for  various  diameters  of  tanks,  when  their 
sheets  vary  in  thickess  by  sixteenths  of  an  inch. 

For  instance,  in  the  ten  feet  diameter  tank  the  ^"  imii 
must  not  extend  to  mure  than  69  feet  below  full  water  sur- 
face? ;  \*'  iron  to  85  feet  depth  ;  ^^^*  iron  to  100  feet  depth  ; 
md  so  on,  by  sixteenths,  the  f  iron  not  extending  below- 

'167  feet  depth. 

RiVA.  TlilekiieHHeH  cif  Metiiln  Graphically  Hliowu. 
— The  depths  at  which  the  thicknesses  of  metal  sheets  of 
inclosed  stiind-pii>e3  may  be  most  ec^momically  reduced 
from  the  base  upward,  using  any  assumed  factor  of  safety, 
will  be  3hown  graphically,  thus ;  plot  the  entire  depth  of 
water  to  scale  in  a  vertical  line,  as  an  absciss,  as  in  Figs. 
143  and  144,  on  a  sca-le,  say  of  ten  feet  to  the  inch  ;  i>lot 
the  computed  tliickness  of  sheet  at  the  base  as  a  horizontal 
onlinate  from  the  foot  of  the  absciss ;  ditiw  this  ui-dinate 
on  a  large  scale,  say  4  inches  on  a  line  equal  1  inch  thick- 
ness of  metal  j^heet ;  divide  the  p<ution  of  the  oixlinate 
representing  one  inch  into  sixteen  equal  parts ;  connect  the 
extreme  of  the  ordinate  with  the  top  of  the  abs^*iss  with  a 
straight  inclined  line  if  the  sitme  factor  of  safety  is  used 
for  all  depths  of  water ;  project  vertical  lines  from  each 
sixteentli  division  on  the  base  ordinate,  cutting  the  inclined 
line ;  then  the  depths  frt^m  tlje  top  by  scale  at  which  the 
sixteenth  divisions  cut  the  inclined  line  will  be  points  of 
change,  subjec't  to  st^indard  widths  of  sheets  that  am 
graded  in  thickness  by  sixt**enths  of  an  inch.  If  a  varying 
factor  of  safety   for  diffei*ent  depths  is  used,    then    the 

^inclined  line  will  be  slightly  curved  to  corresjxjnd  with  the 
equation  of  the  factor. 

504.  ExpoHefl  Staiiil-Plpes. — Considering  tlie  strains 
upon  the  metals  near  the  bases  of  relatively  tall  unindosed 
stand-pipes,  by  wind  pressure  leverages  that  tend  to  over- 
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turn  the  structures,  we  find  that  a  greater  thickness  of 
metal  must  be  used  at  the  base  to  resist  this  strain  than  to 
resist  the  bursting  pressure  of  the  water. 

We  found  (g  5o0>  p.  588 )  the  leverage  moment  of  the  wind 

WH 

and  may  safely  assume  a  maximum  pi-essure  P  of  the  wind 
as  40  pounds  per  square  foot. 

Assuming  that  a  relatively  tall  stand -pijie,  if  uninclosed, 
will  lack  both  frirtional  and  leverage  stability  unless  an- 
chored to  its  foundation,  and  that  the  tank  will  be  bolted 
to  an  ample  weight  of  foundation  to  remain  stable  in 
position,  then  we  may  consider  the  empty  tank  as  a  vertictil 
cantilever,  and  the  leverage  action  of  the  wind  IFi  as  tend- 
ing to  rupture  the  shell  at  the  base  where  its  anchorage 
bolts  take  hold. 

The  moment  or  i-esistance  of  the  tank  shell  must  at  least 
equal    the   total   wind    pressure    W  into   its   leverage   = 

w  X  .s/r. 

In  a  vertical  hollow  cylindrical  tank,  secured  at  its  base, 
the  resistance  of  the  metal  at  the  l)ase  equals,  very  nearly, 
one-half  the  area  of  the  horizontal  section  of  metal  into 
mdias  of  the  cylinder,  into  the  tensile  resistanre  per  unit 
of  section  of  metal. 

If  the  dimensions  of  metal  are  taken  in  inrlies,  and  W 
is  the  total  pressure  in  pounds,  then,  for  thickness  at  dis- 
tance H  below  top  of  tank, 

5HW=  (3.1416r/i)  x  rx,  <10) 

WH 


and 


t.= 


ai) 


1.5708/-»^* 

Also  if  the  dimensions  are  taken  in  feet  and  TFand  s  in 
net  tons,  then,  omitting  factor  of  safety ^ 
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and 


in  which 


W  = 


U 


18,84067^^^^ 
H 

WH 

18.8406r*^' 


(12) 


(13) 


W  =  total  pressure  effect  of  wind,  in  tons. 
s  =  ultimate  cohesion  of  metal,  in  tons,  i)er 

sq.  in. 
T  =  mean  radius  of  tank  shell,  in  feet. 
H  =  depth  below  top  of  tank,  in  feet. 
tx  =  thickness  of  metal  shell,  in  inches,  at  depth 
Hy  that  will  just  balance  the  wind  leverage. 

Testing  this  formula  for  coefficients  by  four  experiments 
by  Sir  Wm.  Fairbaim,  on  thin  hollow  cylindrical  beams 
supported  at  both  ends  and  loaded  in  the  middle,  and 
taking  W  as  equal  8  TT,  we  have  in  table  No.  121  a  mean 
coefficient  equal  .759. 


TABLE      No.      121. 
Experiments  with  Hollow  Cylindrical  Beams. 


Breaking  Load. 

Diameter. 

Thickness. 

Span. 

pounds. 

inches- 

inches. 
•037 

feet. 

Coefficient. 

2757- 

12. 

17- 

.747 

1 1637. 

12.4 

•113 

15625 

.888 

6573- 

17.68 

.0631 

23.4^7 

.662 

14628. 

18.18 

.119 

23-417 

•739 

Mean  .759 

Affixing  to  the  last  two  formulas  the  coefficient  c  =  .75 
and  a  factor  yi  eqnal  3.14,  and  we  have  for  equation  of 
thickness, 


W  = 


II 


X-  cfi  = 


H 


(tons).        (14) 
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/,  = 


H  = 


WH 


18.8406 /•».sx(c/',) 
18.8406r*«if, 


WH 

S.r's 


(inches). 


W 


X  cA  =       ^^  (feet) 


W 


^  IHW  ,f 


eet). 


(15) 
(16) 
(17) 


It  will  be  observed  that  this  equation  of  ^,  to  resist  wind 

leverage  is  entiiely  different  from  the  equation  of  ^  ==   ^ 

for  static  pi'esaiim  of  water*  This,  in  tall  pipes,  increases 
as  diameter  decreases,  while  thickness  for  bursting  pmssiire 
increases  as  diameter  increa.ses,  so  that  if  a  series  of  each 
for  similar  conditions  are  plotted,  their  directions  will  be 
nearly  at  right  angles. 

The  greatest  thickness  given  by  either  formnla  for  given 
height  and  diiinieter  will  be  used,  or  if  computing  for  the 
depth  to  wliirh  a  given  thickness  of  sheet  may  be  useil  in 
a  given  diameter  of  tank,  then  the  least  depth  by  either 
formnla  will  be  used  in  the  exix)sed  tank. 

The  depths  in  tall  stand-pipes  at  which  the  wind  levemge 
re^Histance  formula  comes  into  use  is  indicated  in  Table 
^o.  120,  page  596,  where  two  sets  of  figures  am  given  for 
the  same  conditions,  the  upi^er  figured  depths  being  appli- 
cable  to  exposed  stand-pipes,  and  the  remaining  figured 
depths  being  common  for  l>oth  inchjsed  and  exposed  stand- 
]>ipes. 

To  the  thicknesses  thus  determined  fn>m  the  table  an 
juhlition  shoukl  be  made  in  the  middle  and  lower  portions 
of  tall  pii>es  to  offset  weaknesses  from  possible  corrosions 
of  the  metal,  so  the  factor  of  safety  may  l)e  maintained  for 
a  long  series  of  years. 

Fi^eqiient  inspections  and  paintings  are  necessaiy  for 
the  long  endurance    of   exposed    tank    stand-pipes^   and 
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especial  jmna  are  to  be  taken  to  keep  the  cornice  moldings, 
stiffening  angles,  exterior  and  interior  ladder  joints,  and 
other  details  well  protected  with  paint. 

5G5.  Staud-Pipe  Data. — A  table  of  data  relating  to 
some  of  the  tank  stand-pipes  constructed  within  a  few 
years  ])ast  has  been  inserted  in  the  Appendix,  and  covers  a 
large  range  of  practice. 

Slender  and  tall  stand-pipes  are  generally  inclosed  in  a 
masonry  tower. 

Most  of  the  short  t:mks  named  of  large  diameter  are 
mounted  on  masonry  towers  or  iron  trestles  and  are  not 
inclosed. 

Many  villages  in  the  Middle  States  use  tanks  of  wood 
with  three  or  four  inch  staves  hooped  with  iron.  Such 
tanks  are  fifteen  to  thirty  feet  diameter,  and  twelve  to 
twenty  feet  high,  and  are  usually  mounted  on  a  wood 
trestle. 

We  have  given  illustrations  of  inclosed  stand-pipes  used 
at  Soutli  Boston,  Mass.,  Milwaukee,  Wis.,  and  Toledo, 
Oliio,  and  of  exposed  stand-pipes  at  South  Abington, 
Miiss.,  and  Fremont,  Ohio. 

In  x)roportioning  masonry  tow^ers  for  stand-pipes,  the 
wind  leverage  action  on  the  windward  and  resistance  on 
the  lee  side,  and  the  limiting  pressures  in  the  masonry  are 
t^)  be  considere<l,  also  the  limiting  pressures  in  the  founda- 
tions, as  affected  by  weight  carried  and  wind  pressure 
leverage. 


CHAPTER  XXVL 

STSTEMt?    OF    WATER    SUPPLY, 

56(i.  Pemiaiieiice  of  Siipi^ly  E88eiitial.— Let  the 

rojector  of  a  public  water  supply  first  make  hiiuself  faniil- 
■  with  the  possible  scope  and  objects  of  a  good  and  ample 
'  system  of  wak^r  supply,  and  bpronie  fully  conscious  of  bow 
intimately  it  is  to  be  connected  with  the  well-beuig  of  the 
]>eople  and  tlieir  active  industries  in  all  departments  of  their 
arts,  mechanics,  trade,  aod  commerce,  as  well  as  in  their 
culinary  operations,  and  let  him  also  appreciate  the  conse- 
quences of  its  failure,  or  partial  failure  after  a  season  of 
t^uccess. 

When  the  people  have  become  accustomed  to  the  ready 
flow  from  the  faucets,  at  the  sinks  and  basins,  and  in  the 
shops  and  warehouses,  then,  if  the  pumps  cease  motion  or 
the  valve  is  closed  at  the  resen^oir,  the  household  oper- 
ations, from  laundry  to  nursery,  are  brought  to  a  stand- 
still— engines  in  the  shops  cease  motion,  hydraidic  hoists 
and  motors  in  the  warehouses  cease  to  handle  goods,  rail- 
way trams,  ocean  steamers,  and  coasters  delay  -br  water, 
and  a  general  paralysis  checks  the  busy  activity  of  the 
city.     What  a  thrill  is  then  given  by  an  alann  of  fire,  be- 

luse  there  is  no  pressure  or  flow  at  the  hydrants ! 
The  precious  waters  of  the  reservoirs  preside  over  cities 

ith  protecting  innuences,  enhancing  prosj}erit3%  comfort, 

ifety  and  health,  and  are  not  myths,  as  were  the  goddesses 
ancient   mythology,   presiding  over   harvests,  flowers, 

lits,  health  and  happiness* 
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Let  the  designer  and  builder  of  tbe  public  water  system 
feel  that  liis  work  must  be  complete,  diu-able,  and  unfail- 
ing, and  let  this  feeling  guide  his  whole  thought  and 
eneig}' ,  then  there  is  little  danger  of  his  going  astray  as  to 
system,  whether  it  be  called  ^^gmvitation,'^  '* reservoir,'* 
*** stand-pipe,''  or  "direct  pressure,"  or  of  his  being  enam- 
on»d  with  lauded  but  suspicious  mechanical  pumping  au- 
tomatons, and  uncertain  valve  and  hydrant  fixtures. 

When  the  people  have  learned  to  depend,  or  must  of 
necessity  depend,  upon  the  public  pipes  for  their  indh^ 
pensable  water,  it  must  flow  tmceasingly  as  does  the  blood 
in  our  veins.  All  elements  of  uncertainty  must  be  over- 
come, and  the  safest  and  most  reliable  structures  and  ma- 
chines l>e  provided. 

Many  times,  in  different  cities,  a  n^lect,  apparently 
slight,  has  cost,  tlu*ough  failure,  a  fearful  amount,  wlien 
sacrificed  life  and  tixmsuR*  and  a  broad  smouldering  swart h 
across  the  city  were  the  penalty.  Having  water-works  is 
not  idways  having  full  i>rotertion,  unless  they  are  fully 
adequate  for  the  most  trjing  hour. 

567.  Metlioils  of  Gathering  anil  Delivering:  Wat^r. 
— ^There  Is  no  mystery  about  ''syste7ns-'  of  water  supply, 
as  they  have  of  late  been  often  classified.  The  problem  is 
simply  to  search  out  the  best  method  of  gathering  or  secur- 
ing an  ample  supply  of  wholesome  water,  and  th«^n  to 
devise  the  best  method  of  deliveiing  that  supply  to  the 
people. 

Usually  there  is  one  source  whose  merits  and  demerits, 
when  intelligently  examined,  favorably  outweighs  the 
merits  and  demerits  of  each  and  every  other  source,  and 
there  is  usually  one  method  of  delivery  that  is  conspicu- 
ously better  than  all  others,  when  all  the  local  exigenciw 
are  seen  and  foreseen. 
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The  ustial  methods  of  gathering  the  required  supply  are. 
to  impound  and  store  the  rainfall  ur  How  of  streams  among 
the  hills  ;  draw  from  a  iiatiirul  lake  ;  dmw  from  a  nmiiing 
nver ;  or  draw  from  an  artesian  welL 

The  UBual  methods  of  delivering  water  aiv,  by  gravita' 
tion  from  an  elevated  impounding  basm  ;  elevation  by 
steam  or  water  power  tr»  a  res<?iToir  and  Irom  thence  a  flow 
by  gravity ;  elevation  to  low^  and  high  service  reseiT0irs» 
and  from  thence  flow  by  gravity  to  respective  districts ;  and 
by  foiling  with  pi-es8ure  direct  into  the  distribution-pipes, 
and  cushioning  the  motion  by  a  stand-pij^,  or  ample  air- 
vessel  and  Relief  valve. 

568.  Chiiiee  nf  Water,  —  The  pumped  supplies  are 
usually  drawn  from  lake,  river,  or  subterranean  sources. 

The  selection  of  a  lake  or  river  water  for  domestic  use  ia 
to  be  governed  by  considerationB  of  wholesome  purity  ;  artd 
cautiousness  of  financial  exi^enditui-e  mast  not  in  this  direc* 
tion  exert  too  strong  an  influence  in  opposition  to  intlexilJe 
sanitary  laws. 

Tills  sekction  involves  an  intelligent  examination  of  the 
origin  and  character  of  the  impregnations  and  sus|>pnded 
impurities  of  tlie  water,  and  the  possibility  of  their  thorough 
clarification. 

None  of  tlie  waters  of  Nature  are  strictly  pure.  Some 
of  the  impurities  are  really  beneficial,  wliile  others,  which 
are  often  present,  are  not  to  be  aci^epted  or  tolerated.  A 
mere  suspicion  that  a  water  snpiily  is  foul  or  unwholesome, 
even  though  not  based  on  substantial  fact,  is  often  aserioua 
financial  disadvantage;  therefore  earnest  eflTort  to  maintain 
the  purity  of  the  water  must  extend  also  to  the  removal  of 
causes  of  suspicion. 

Chemical  science  and  microscopy  are  valuable  aids  in 
this  portion  of  the  investigation  of  the  qualities  of  waters  ; 
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but  we  have  detailed  in  the  first  part  of  this  tn^atise 
minutely  the  natm*e  and  source  of  the  chief  iinpuritiet?,  and 
80  carefully  pointed  out  those  that  are  comparatively  harm- 
less and  those  that  are  deMly,  that  an  intelligent  opinion 
can  generally  be  readily  formed  of  the  compamtive  puri- 
tiei^  and  values  of  different  waters.  We  have  also  pointt*d 
out  how  watei-s  may  be  clarified  and  conducted  in  their  best 
condition  to  the  point  of  delivery,  and  distributed  in  the 
most  efficient  manner. 

Predictions  of  any  value  as  to  quantity  and  quality  of  a 
supply  from  a  proposed  artesian  well,  demand  a  knowledge 
of  the  local  geology  and  subt^:^rranean  hydrology,  wliieh  is 
itirely  obtainable  until  the  completion  and  test  of  the  well ; 
nevertheless  w^e  have  shown  the  conditions  under  which  a 
good  supply  of  water  may  be  anticijmted  witli  reasonable 
confidence. 

o6lK  Gravitiitiim.— When  a  good  and  abundant  sup- 
ply of  water  can  be  gathered  at  a  sufficient  elevation,  and 
within  an  accessible  distance,  the  essential  element  of  con* 
tinuous  full-pressure  delivery  can  tlien  most  certainly  be 
secui*ed,  and  in  the  matter  of  possible  safety  the  gravitation 
method  wiQ  usually  be  superior  to  all  others. 

The  quality  of  impounded  water,  when  gathered  in  small 
storage  reservoirs  and  from  relatively  limited  w  atersheds,  is 
subject  to  some  of  those  unpleasant  influences,  heretofore 
referred  to,  which  are  to  be  provided  against ;  and  unless  the 
hydrology  and  substnictui^e  of  the  gathering  basin  is  well 
understood,  the  permanence  of  the  supply  may  not  fulfill 
enthusiastic  anticipations. 

The  value  and  importance  of  sufficient  elevation  of  the 
supplying  reseiToir,  when  the  delivery  is  by  gravity,  to 
meet  the  most  pressing  needs  of  the  fire-service,  ought  not 
to  be  overlooked,  for  an  efficient  fire-service  is  usually  one 
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m  the  chief  objects  to  be  attained  in  a  complete  water 
supply, 

A  water  pressure  of  sixty  to  eighty  pounds  per  square 
inch  in  the  hydranta  in  the  vicinity  of  an  incipient  fire,  has 
a  value  which  cannot  be  w  holly  replaced  by  a  brigade  of 
fire'Steamers  in  commission,  for  with  light-hose  carriages 
and  trained  hosenuai,  connection  will  usually  be  made  > 
with  the  hydmnts,  streams  be  put  in  motion,  and  tlie  fire 
overpowered  before  pressure  is  raised  in  the  steamer's  boil- 
ers ;  and  the  fire  will  not  be  suffered  to  assume  unconquer- 
able headway  during  the  delay. 

Constant  liberal  pressures  in  the  hydrants  is  the  fii'st 
element  of  prompt  and  effective  attack  upon  a  fire  immedi- 
ately after  an  alarm  is  given.  Each  moment  lost  before  the 
beginning  of  an  energetic  attack  increases  greatly  tlie  diifi- 
culty  of  subduing  the  fire,  and  the  probability  of  a  vast 
coniiagration. 

The  element  of  distance  of  a  gravitation  supply,  as  re- 
gards cost  of  delivery,  is  an  exacting  one,  and  the  lengths 
of  conduit  and  large  main  are  surprisingly  short,  while  the 
balance  of  economy  of  delivery  remains  with  the  side  of  the 
gravitation  scheme  ;  tor  conduits  and  mains  are  expensive 
constructions,  and  soon  absorb  more  cax>ital  and  interest 

[than  would  pay  for  pumps  and  fuel  for  lifting  a  neai-er 
supply  ;  still  an  element  of  safety  is  not  to  be  sacrificed  for 
a  modemte  difference  in  first  cost 
570.  Pitniiniiir  with  Reservoir  Reserve,  —  As  re- 
^vds  safety  and  i*el lability  of  operation,  we  i)lace  second  the 
'     method  of  delivery  when  tlie  supply  is  elevated  by  liydmu- 
lic  power,  and  third  when  it  is  elevated  by  steam  power  to 
_  a  liberal-sized  resen^oir  holding  in  store  from  six  to  ten 
P  days  reserve  of  water,  from  whence  the  supply  fiows  by 
gravity  into  the  distribution-pii>e3.     If  in  such  case  there* 
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are  duplicate  iirst-class  pnmping-machines  whose  combim 
capacity  is  equal  to  tlie  delivery  of  tJie  whole  daily  supply 
in  ten  hours,  or  oue-half  eqxxal  to  the  delivery  of  the  wljole 
daily  supply  in  twenty  houi-s,  then  this  method  is  scarcely 
inferior  in  safety  to  the  gravitation  method. 

The  elements  of  safety  may  be  equally*  secured  in  the' 
low  and  high  service  method,  when  the  physical  features  of 
the  town  or  city  make  such  division  desirable.    In  a  pre-^ 
vious  chapter  we  have  shown  how  a  union  of  the  high  anc 
low  service  may  be  made  an  especially  valuable  feature  in 
efficient  fire  service. 

The  records  of  nearly  all  the  water  departments  of  our 
lai^est  cities,  having  dujilicate  pumi)ing  machineiy,  show 
how  valuable  and  indispensable  have  been  their  reserve 
stores  of  water,  and  refer  to  the  risks  that  would  have  been 
incurred  had  such  reservoir  stoi-ages  been  lacking. 

571-  Fuiii|iiiig:  with  Direct  Pressui'e,— We  plac^ 
fourth,  as  regai*ds  safety  and  reliability^  tlie  direct  pressure 
delivery  by  hydraulic  power,  and  fifth,  by  steam  power, 
with  either  stand-pipe  or  air-vessel  cushions  and  safety 
relief- valves. 

Tlie  meclianical  arrangements  that  admit  of  this  method 
of  delivery  are  simple,  and  several  builders  of  pumping 
machinery  have  adapted  their  manufactures  to  its  special 
requirements,  but  in  point  of  continuous  reliability  the 
method  still  remains  inferior  to  gravity  flow. 

Even  when  the  most  substantial  and  most  simple  steam 
pumiiing  machineiy  is  adopted,  if  not  supplemented  by  an 
elevated  small  reserve  of  water,  this  method  of  delivery  is 
accom]>anied  with  risks  of  hot  bearings,  sudden  strains, 
unexpected  ftactui'e  of  connection,  shaft,  cylinder,  valve*^ 
chest  or  pipe,  and  occasional  necessary  stoppages. 

The  best  pumjiing  combinations  are  so  certainly  liable 
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to  BXich  contingencies  that  cities  may  judiciouBly  hesitate  to 
rely  entirely  upon  the  infallibility  of  their  boilei^s,  engines, 
and  pumps,  even  when  so  fortunate  as  to  secure  attendants 
upon  whom  tliey  can  phtce  implicit  cuntidence. 

The  direct  pressui-e  method^  alone,  necessitates  unceas- 
ing tiring  nf  the  boiler  and  motion  of  the  pumping*engine, 
and  cons^'quently  double  or  tjnjjle  sets  of  hands,  to  whose 
integrity  and  faithfulness,  night  and  day  and  at  all  times, 
the  works  are  committed. 

Hydraulic  power  and  machinery  ai*e  far  moi\;  reliable 
than  steam  machinery,  for  direct  pressuR^  uses,  and  hy- 
draulic power  presi^nts  the  great  advantage  of  being  able 
to  n*spond  almost  instantant^ously  to  the  extreme  demand 
for  both  water  and  i»ressure,  while  a  dull  lire  under  the 
boiler  may  requii^  many  minutes  for  revival  so  as  to  raise 
the  steam  to  the  efl'ective  emergency  pi^ssure.  An  example 
of  pumping  machinery  of  five  million  gallons  capacity  per 
diem,  driven  by  hydraulic  power,  is  sliown  in  Fig.  143. 
This  set  of  pumjiiug  machinery  was  constructed  for  the  city 
of  Manchester,  N,  H.,  by  the  Geyelin  department  of  Messrs. 
R.  D.  Wood  &  Co,,  Philadelphia,  fi-om  general  designs  by 
the  writer,  and  lias  operated  very  satisfactorily  sinre  its 
completion  in  1874.  This  machinery  is  adapted  in  all  re- 
spects to  direct  pressure  ser%nre,  and  was  so  used  during  a 
full  season  while  the  reservoir  was  in  process  of  construction, 
and  it  is  equally  well  adapted  to  its  ordinary  work  of  pump- 
ing water  to  the  distributing  resen-oir, 

Tlie  dii-ect  forcing  methfKl  d<:»es  not  provide  for  the  de- 
position or  removal  of  imj purities  after  they  have  jmssed  the 
engine,  hut  the  sediments  that  reach  the  pumps  are  passed 
forward  to  the  consumers  in  all  sections  of  the  pipe  distri- 
bution. 

In  combination  with  a  reservoir  sufficient  Ibr  all  the 
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ordinary  purposes,  and  equalizing  the  ordinary  work  and 
the  ordinary  pressures  at  the  taps,  and  also  in  combination 
with  a  very  small  reservoir,  the  direct  pressure  facilities 
may  prove  a  most  valuable  auxiliary  in  times  of  emergency, 
and  they  are  then  well  worth  the  insignificant  diflSerence  in 
first  cost  of  pumping  machinery. 

In  the  smaller  works  the  entire  machinery,  and  in  laiger 
works  one-half  the  machinery,  may  with  advantage  be 
capable  of  and  adapted  for  direct  pressure  action. 

K,  instead  of  substantial  and  simple  machinery  built 
especially  for  long  and  reliable  service,  some  one  of  the 
intricate  and  fragile  machines  freely  offered  in  the  market 
for  direct  pumping  is  substituted,  and  is  not  supplemented 
by  an  ample  reservoir  reserve,  then  a  risk  is  assumed  which 
no  city  can  knowingly  aflfbrd  to  snflTer ;  and  if  true  prin- 
ciples of  economy  of  working  are  applied,  it  will  generally 
be  found  that  no  city  can,  upon  well-established  business 
theories,  afford  to  purchase  and  operate  such  machinery. 

Well  designed  and  substantially  constructed  pumping- 
machines,  such  as  are  now  offered  by  several  reliable  build- 
ers, when  contrasted  with  several  of  the  low-priced  and  low- 
duty  contrivances,  are  most  economical  in  oi)eration,  most 
economical  in  maintenance,  and  infinitely  sui)erior  in  reli- 
ability for  long-continuous  work. 


APPENDIX. 

THE    METBIC    SYSTEM    OF    WEIGHTS    AND   MEASURES, 

The  use  of  the  metric  system  of  measure  and  weights' 
was  legalized  in  the  United  States  in  1866  by  the  National 
Crovernmeiit,  and  is  used  in  the  coast  survey  by  the  engineer 
corps,  and  to  considerable  extent  in  the  arts  and  trades. 

Several  of  the  best  treatises  on  theoretical  hydraulics 
give  their  lengths  and  volumes  in  metric  measures,  and  we 
give  their  equivalents  in  United  States  measures  in  tlie 
following  tables. 

The  metre^  which  is  the  unit  of  I^ngthj  area^  and  volume, 
equals  39.37079  inches  or  3.280899  feet  in  length  lineal,  and 
along  each  edge  of  its  cube. 

This  unit  is,  for  measures  of  length,  multiplied  decimally 
into  the  decametre^  hedometre^  kilameiTe^  and  myriametre^ 
and  is  subdivided  decimally  into  the  decimetre^  centimetre^ 
and  miUhnetre. 

The  afSxes  are  derived  from  the  Greek  for  multiplication 
by  t*^n,  and  from  the  Latin  for  division  by  ten. 

The  measures  for  surface  and  volume  are  similarly 
divided. 

The  gramme  is  the  unit  of  weight  and  it  is  equal  to  the 
weight  of  a  cubic  centimetre  of  water,  at  its  maximum 
density,  in  meivo.  =  .0022046  lbs. 

A  cubic  metre  of  water,  at  its  maximum  density,  weighs 
2204,6  lbs,  avoir. 
88 
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Table  of  French  Measures  and  United  States  Equivalents. 

Measures  of  Length. 


I  Millimetre.. 
I  Centimetre. 
I  Decimetre. . 

I  Metre 

I  Decametre . 
I  Hectometre, 
I  Kilometre.. 
I  Myriametre. 


■  -0393708  inch 
:  .393708  inch  r 
:  3.93708  inches 
:  39.3708  inches 
=  xxx)62i4 

:  32.808992  ft.  = 
:  328.08992  ft.  = 
:  3280.8992  ft.  = 
:  32808.992  ft.  = 


=  .0032809  foot. 

:  .032809  foot. 
=  .3280899  ft.  = 
=  3.2808992  ft. 

mile. 

1.98842  rods  = 
19.88424  rods  = 
198.8424  rod^  = 
1988.424  rods  = 


:  .1093633  yd. 
=  .198842  rod 

.0062138  mile. 
:  .062138  mile. 
;  .621383  mile. 
6.21383  miles. 


Measures  of  Area. 


No.  of  sq. 
Metres. 


I  Centiare 

I  Deciare 

I  Are 

I  Decare  (not  used) 
I  Hectare 


10 

100 

1000 

loooo 


=  10.7643  sq.  ft.  =  1. 196033  sq.  yds.  =  .039538 

sq.  rod. 
=  107.643  sq.  ft.  =  .39538  sq.  rd.  =  .002471  acre. 
=  1076.43  stj.  ft.  =  3.95383  sq.  rds.  =  J024'ji  acre. 
=  10764.3  sq.  ft.  =  39.5383  sq.  rds.  =  .2471  acre. 
=  107643  sq.  ft.  =  395.383  sq.  rds.  =  2.471  acres. 


Measures  of  Volume. 


No.  of  cu. 
Metres. 


I  Millilitre. 
I  Centilitre. 
I  Decilitre. 

I  Litre 

I  Decalitre. 
I  Hectolitre 
I  Kilolitre . 


.000001 

.00001 

.0001 

.001    < 
.01      \ 

■:l 


=  .0610279  cubic  inch. 

=  .610279  cubic  inch. 

=  6.10279  cu.  ins.  =  .00353  cu.  ft.  =  .0264165  gal. 

=  61.0279  cu.  ins.  =  .0353136  cu.  ft.  =  .264165 

gallon. 
=  610.279  cu.  ins.  =  .353136  cu.  ft.  =  .0130791 

cu.  3rard. 
=  26.4165  gallons  =  3.53136  cu.  ft.  =  .130791  cu. 

yard. 
=  264.1651  gallons  =  35.313  cu.  ft.  =  i.  30791 

cubic  yards. 


APPENDIX. 


613 


Table  of  French  Measures  and  United  States  Equivalents 

{Continued). 

Measures  of  Solidity. 


No.  of  cu. 
Metres. 


I  Millistere . 
I  Centistere. 

I  Decistere.. 

I  Stere 

I  Decastere. 
I  Hectostere 
I  Kilostere. . 


.001 
.01 

.1 


10 

lOO 

1000 


=  61.0279  cubic  inches  =  .03532  cubic  foot. 

=  610.279  c"-  i^is.  =  .353166  cu.  ft.  =  .013079  cu. 

yard. 
6102.79  cu.  ins.  =  3.53166  cu.  ft.  =  .130791  cubic 

yard. 
=  61027.9  cu.  ins.  =  35.3166  cu.  ft.  =  1. 30791  cu. 

yards. 
=  353»i66  cu.  ft.  =  13.0791  cu.  3rards. 
=  353 1 -66  cu.  ft.  =  130.791  cu.  yards. 
=  35316.6  cu.  ft.  =  1307.91  cu.  yards. 


Measures  of  Weight. 


I  Milligramme 

I  Centigramme. . . . 
I  Decigramme. . . . . 

I  Gramme 

I  Decagramme 

I  Hectogramme . . . 

I  Kilogramme 

I  Tonne 


=  .015432  gram. 

=  .15432  grain. 

=  1.5432  grains  =  .0035274  oz.  Avoir. 

=  15.432  gfs-  =  .035274  oz.  Av.  =  002205  lb.  Av. 

=  15432  grs.  =  .35274  02.  Av.  =  .02205  lb.  Av. 

=  1543-2  grs.  =  3.5274  oz.  Av.  =  .2205  lb  A  v. 

=  15432  grs.  =  35.274  oz.  Av.  =  2.205  lbs.  A  v. 

=  2204.737  lbs. 


A  cubic  inch  is  equal  to 

.004329  gallon;  or  .0005787  cu.  ft ;  or  16.38901  millilitres ;  or  1.638901 
centilitres;  or  .1638901  decilitre;  or  .016389  litre;  or  .016389  millistere;  or 
*ooi6389  centistere. 

A  gallon  is  equal  to 

231  cubic  inches,  .13368  cubic  foot ;  or  .031746  liquid  barrel ;  or  3785«5i3 
millilitres  ;  or  378.551  centilitres  ;  or  37.8551  decilitres  ;  or  3« 785513  litres ;  or 
•3785513  decalitre  ;  or  .037855  hectolitre ;  or  .0037855  kilolitre. 

A  cubic  foot  is  equal  to 

1728  cubic  inches;  or  7.48052  liquid  gallons;  or  6.2321  imperial  gallons ; 
or  3.21426  U.  S.  pecks ;  or  .803564  U.  S.  struck  bushel ;  or  .23748  liquid  bar- 
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rel  of  31 J  gallons  ;  or  2831.77  centilitres ;  or  283.177  decilitres :  or  28.3177 
litres  ;  or  2.83177  decalitres  ;  or  .283177  hectolitre  ;  or  .0283177  kilolitre  ;  or 
28.3177  millisteres ;  or  2.83177  centisteres ;  or  .283177  decistere ;  or  .0283177 
stere. 

The  imperial  gallon  is  equal  to 

.16046  cu.  feet ;  or  1.20032  U.  S.  liquid  gallons. 

A  cubic  yard  is  equal  to 

46656  cu.  inches  ;  or  201.97404  liquid  gallons  ;  or  27  cu.  feet ;  or  21.69623 
struck  bushels  ;  or  764.578  litres  ;  or  76.4578  decalitres ;  or  7.64578  hectolitres ; 
or  .764578  kilolitre  ;  or  764.578  milisteres  ;  or  764578  centisteres  ;  or  7.64578 
decisteres  ;  or  .764578  stere  ;  or  .0764578  decastere  ;  or  .0076458  hectostere  ; 
or  .00076458  kilostere. 

Table  of  Units  of  Heads  and  Pressures  of  Water  and 
Equivalents. 

(Rankine.) 

One  foot  of  water  at  52^.3  Fah.  =  62.4  lbs.  on  the  square  foot* 

=      .433         "         •*  "       inch. 

"  "  "  "  =      .0295     atmosphere. 

"  "  "  =      .8823      inch  of  mercury  at  32% 

One  lb,  on  the  square  foot  =      .016026  foot  of  water. 

**  "  **    inch  =    2.308       feet  of  water. 

One  atmosphere  (=  29.922  in.  mercury)  =  33.9  "  " 

One  inch  of  mercury,  at  32"*  =    1.1334  "  " 

One  cubic  foot  of  average  sea-water        =    1.026       cu.  ft.  of  pure  water  in 

weight. 

One  Fahrenheit  degree  =      .55555  Centigrade  degree. 

One  Centigrade  degree  =    1.8  Fahrenheit  degrees. 

Temperature  of  melting  ice  =  32°  on  Fahrenheit's  scale. 

**  **  =    o  **  Centigrade  scale. 
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Table  of  Average  Weights,  Strengths,  and  Elasticities  of 
Materials. — (From  Trautwine,  Neville,  and  Rankine.) 


Materials. 


Woods  (seasoned,  and  dry). 


Ash. 

"  American  white. . . . 

Beech  

Cedar,  American 

"  **         green. 

Chestnut 

Elm 

"   very  dry 

Hemlock 

Hickory 

Maple 

Oak,  live 

"      white 

"      red 

Pine,  white 

"      northern  yellow . 

"      southern      ** 

Spruce 

Walnut,  black 


Metals. 

Aluminum. 

Brass,  cast 

'*      rolled 

"      wire 

Bronze  (copper  8  parts,  tin  i  part). ... 

Copper,  cast 

"        sheet 

"        wire,  drawn 

Glass . 

Iron,  cast,  cold  blast 

"     hot  blast      

"        "     wrought,  sheet  or  plate 

•*  "         large  bars 

Lead,  cast 

"      milled 

Mercury  (at  32*  Fah.,  849  lbs.)  (at  212%  jf 

836  lbs.),  at  60** S 

Silver 

Steel 

Tin,  cast 

Zinc 


Earth  and  Stones  (dry). 

Asphaltum 

Brick,  common  hard 

"      soft  inferior 

"      besf  pressed 

Cement,  American  Rosendale,  loose. . 
"  *•         LouisvUle 


Weight 

P«f 
en.  in. 


LAt, 


.0972 
.3038 


I  Resist- 
Weight  Specific  Tenacity  snce  per 


cu.  ft. 


.3085 
.3062 
•3113 


.3241 
.0885 
.2552 


.2807 


.4152 


48.0 

38 
48 

47 
56.8 

41 
36.8 

35 

25 

53 

49 

59-3 

51.8 

40.0 

25.0 

34.3 
45.0 
25.0 
38 

162 

:525 
1524 

533 
529 
538 

549 
560 

153 
[444 
443 
485 
474 
717 
713 


.4896846 


•373 
.2836 
.2637 
.2532 


Cm  /i. 

87.3 
125 
100 
[50 

56 

49.6 


644 
490 
456 
437 

Cu,yd. 
2357 

3375 
2700 
4050 
1513 
1339 


Gnv. 


0.77 
.61 
77 
75 
91 
66 

59 
56 
40 
85 
79 
95 
83 

40 
55 

72 
40 
61 


2.6 

8.40 

8.40 

8.54 

8.5 

8.61 

8.80 

8.88 

2.45 

7. II 

7.04 

7.77 

7.60 

11.44 
11.40 

13  58 

10.31 

7.85 

7.30 

7.00 


1.4 


per 
sq.  in. 


Lbt, 
17000 

16000 

I1400 
12000 
13500 


13000 
16000 
10350 


7800 
12400 


18000 

49000 

36000 

19003 

30000 

60000 

94OJ 

16700 

135CO 

50000 

48000 

1800 

3300 


40900 

120000 

5300 

7500 


280 


sq.  in.  to 
crush- 
ing force. 


9000 

8500 
4900 
5600 

10300 


6400 
6500 
6000 


5400 
5500 
7200 


10300 


33000 
106000 
108000 


800 


610 
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Table  of  Average  Weights,  Strengths,  Etc— {Cantintud), 


Matbrials. 


Weight 
cu.tt 


Weight 
CO.  yd. 


Specific 
Gniv. 


Tenacity 
9q.  in. 


Resist- 
ance per 
sq.  in.  to 

crush- 
ing force 


Lbs. 

Cement,  English  Portland 90 

"         French  Boulogne 80 

Clay,  potter's 119 

"     dry,  in  lump,  loose 63 

Concrete 

Coal,  bituminous 84 

"      broken,  loose 50 

"      a  ton  occupies  43  to  48  cu.  ft 

Earth,  loam,  loose 75 

**  "       moderately  rammed 95 

"  '*       as  a  mud no 

Granite 168 

'^      quarried,  in  loose  piles 96 

Gneiss 168 

'*      quarried,  in  loose  piles 100 

Greenstone 187 

"  quarried,  in  loose  piles 107 

Gravel 100 

"    moderately  rammed,  dry 120 

"  "  **  moist 130 

Limestone 168 

Lime,  ground,  loose 53 

Marble 165 

Masonr>',  dressed  granite,  or  limestone..  165 
"  well-scabbled  mortar  rubble  of  do.  1 54 
"       "  "        dry  "       "  do.  138 

"    roughly  "  "  "       "  do.' 125 

"    dressed  sandstone 1144 

"    dry  rubble     " Iiio 

•'    brickwork,  medium .125 

"  "  coarse 1 100 

**    press'd  bricks,  close  joints  140 


Marl .... 

Mortar,  cement 

Peat,  unpressed 

Sand. loose 

*•      shaken 

*'      wet 

Sandstone 

"        quarried,  in  loose  pile. 

Slate 

Soapstonc,  or  steatite 


Miscellaneous  Materials. 

Ice 

Leather 

Oil,  linseed 

Petroleum .    

Powder,  slightly  shaken 

Snow,  loose 

wet  and  compact. 


Water 6; 


no 
103 

25 
100 
no 
125 
150 

86 
180 
170 


58.7 

58.68 
54.81 
62.3 
12 
50 
.334 


Lb*, 

2430 
2160 

3213 
1 701 

2268 
1350 

2025 
2565 
2970 
4536 
2592 
4536 
2700 

5049 
2889 
2700 
3240 
3510 
4536 
1431 
4455 
4455 
4158 
3726 

3375 
3888 
2970 

3375 
2700 
3780 
2970 
2781 

675 
2700 
2970 
3375 
4050 
2322 
4873 
4590 


1585  o 


324 
1350 
1693 


35 


90 


64 


76 


89 
73 

94 

94 

878 
o 


Lbs. 
280 


50 


Lbs, 


556 


lOOOO 


8333 
5500 


345 


5000 
12000 


4200 
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Formulas  for  Shafts. — (Francis.) 
Wrought-iron  prime  movers,  with  gearo: 

d  =  ^^^^^  and  P  =  .OlNd?. 
Wrought-iron  transmittiiig  shaft : 

d  =  \V^,  and P=  mNcP. 
8teel  prime  mover,  with  gears : 

d  =  A^??^,  and  P  =  .016ira». 
Steel  transmitting  shaft : 


d  =  \V^^p^  and  P  =  .032ira». 

In  which  d  =  diameter  of  shaft  in  inches. 

N  =  number  of  revolutions  i)er  minute. 
P  =  horse  powers. 

Trigonometrical  Expressions. 


COTAHOCMT 


Radios  =Aa 

Sine  =Cd. 

Cosine  =  Ce. 

Tangent  =  Bf. 

Cotangent  =  hg. 

Secant  =  Af. 

Cosecant  =  Ag. 

Versine  =  Bd. 

Covenine  =  he. 
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Trigonometrical  Equivalents,  when  Radius  =  u 


Sine 

= 

1  -r-  Cosec. 

a 

z:^ 

Cosin.  -7-  CotoiL 

a 

V{1  -  Cosin^) 

Cosine 

= 

IH-Sec. 

a 

= 

Sin.  -7-  Tan. 

n 

= 

Sin.  X  Cotan. 

a 

= 

VI  -  Sin». 

Tangent 

= 

1  -7-  Cotan. 

a 

=: 

Sin.  H-  Cosin. 

Cotangent 

= 

1  -f-  Tan. 

a 

=r 

Cosin.  -T-  Sin. 

Secant 

= 

1  -^  Cosin, 

a 

= 

Vl  +  Tan^ 

Cosecant 

= 

1  -r-  Sin. 

(( 

VI  +  Cotsua?. 

Versine 

= 

Ead.  -  Cosin. 

Coversine 

== 

Rad.  -  Sin. 

Complement  = 

90°  -  Angle. 

Supplement  =  180''  —  Angle. 

If  radius  of  an  arc  of  any  angle  is  multiplied  or  divided 
by  any  given  Dumber,  then  its  several  correspondent  trigo- 
nometrical functions  are  increased  or  diminished  in  like 
ratio. 


Diameter 
Circumference 


=  Rad.      X  2. 
=  Rad.      X  6.2832. 
''  =  Diam.    x  3.1416. 

Area  of  circle  =  Diam^.  x    .7854. 

Surface  of  a  sphere  =  Diam^  x  3.1416. 
Volume  of  a  sphere  =  Diam'.  x    .6236. 
Length  of  one  second  of  arc  =  Rad.  x  .0000048. 
''       "    ''    minute  ''    ''    =  Rad.  x  .0002909. 
"       "    "    degree  "    "    =  Rad.  x  .Q174633. 
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Values*  of  Sinbs^  Tangents,  Eto,  when  Radius  =  u 


Dcf. 

HQe, 

COTBT, 

COHC. 

Tuiff'L 

Co^a. 

SCGUIL 

VerafaB.    C 

;o«iiie. 

Def. 

O 

.00 

ItCXXXIO 

tofillitB. 

JD 

I^Sntie. 

1.0MW 

0             I 

JXXSOO 

§ 

I 
t 

.96510 

3:^ 

J»I?4S 

JJ:^ 

t.ODOI£ 

jOOOI 

,0000 

,999^4 
99756 

4 

:%fl 

9476* 

.95034 

19.1^3 
^4-nfs 

*™*993 

t4.3oa7 

1.COI37 

.0013 
™8 

IS 

1 

.Qfl/l6 

-87813 

^749 

I1.43W 

.99619 

!* 

.10510 

?.3»44 
»I443 

!«i55o 

■t»54 

99453 

a* 

i 

9 

.12378 

uoo7ffi 
1.00983 
1.0134^ 

.0074 

9935s 

BS 

«'39=H 

■^ 

7"S4 
6.3137 

C097 
rfjKa3 

^ 

81 

le 

.i7jfiS 

.8»3S 

JiS 

.17433 
•1943S 

5.67" 

i.oiua 
1.01 87 I 

.C151 

98481 

aa 

II 

*i9^i 

iS8 , 

51446 

.0183 

9I163 

J8 

IS 

.iBJ^l 

4.te97 

:J^ 

4.?o46 

i*<wa34 

97»IS 

S3 

.M495 

'^^SJ 

44454 

4-33»5 
4.otoa 

373M 

1.03630 

case 

97437 

75 

14 

:S!g 

Ij^Tti 

m 

■^1 

1,03061 
1.03537 

0997 
.0340 

97030 

»7S^  1 

■S 

36:79 

.>i674 

I -04^*9 

,0387 

74 

% 

-agij? 

3-4»3 

-10373 

t.045'^ 

■^^ 

9563W 

73 

.^ys 

.6^ 

3.83S0 

.3=493 

3*^77 

1.05146 
i-oj7Sa 

9Ste6 

7a 

19    1 

'3^557 

.67443 

3-0715 

'34433 

a.9(Ha 

•0544 

94552 

71 

.34«» 

■15^37 

S^' 

M 

»'74r5 
3.6051 

1.06417 
1.07114 

.0603    1 

.0664 

^358 

s 

n 

*37  m 

:S^ 

,4^H03 

«.47Si 

^0738 

9«7f8 

31 

'39m 

•4*447 

aa5S» 

.0794 

9»5o    1 

67 

*4 

*+o^74 

,Wja6 

a  4585 

-44523 

3.1460 

.oecLf 

19879 

66 

:i 

■4J337 

:|?^ 

aaBii 

-4«773 

3  144s 

s 

>"«337 
i^iia6o 

,0930 

.1013 

g 

u 

-45  J W 

54&» 

a.»a6 

■  Sa9Sa 

1.13333 

.roSg 

& 

-4fM7 

-53PS3 

a^iSd 

.53171 

'.'3357 

,1170 

B8^^ 

6a 

*9 

-4M' 

-51519 

.5543* 

t.So40 

<'H333 

-mi 

874tfl 

63 

30 
3> 

.StSe»4 

,50000 
^»49S 

a.oooo 

iJSjo 

mi 

i:^ 

JlleJe^ 

■^ 

86603 
*57i7 

60 

3a 

*5»933 

.47005 

.6*487 

1.17917 

.1519 

«48os 

33 

34 

■5446* 

itJS^ 

!:^' 

."54941 
.674 SI 

i.ao63i 

,1613 

II 

3f 

.4*M 

1*7434    1 

.Tooso    1 

1.4381 

i,M077 

81915 

55 

3<* 

.4IB1I 

1.6343 

.7^54 

'37^ 

1.33606 

-1909  , 

54 

^ 

:Si 

1.3370 
1.1799 

•■ag'i 

.3013 

.31  na 

isi 

53 
53 

n 

.6»9}i 

i-SSga 

t**M9 

t.aa67S 

777<S 

5> 

40 

:!? 

■35?3i 

»SJ57 

.90IHO 

I.IQfl 

1*305*0 

■»339 

76604 

SO 

4* 
4» 

:SSJ 

t,ttS 

1.3^50' 
<.  345*3 

im   . 

75471 

74314 

:i 

43 

l6Ba^ 

.JitoO 

^^ 

1.0734 

'3673* 

.9686 

73' 35 

4f 

44 

.«ff«*5 

^ 

"■4395 

J  0333 

1. 39016 

.>eo8 

7*934 

46 

4S 

^jWTii 

1414a 

1» 

I. 

M'4»' 

.39*8 

70711 

45 

CO^M. 

VeniiK. 

Sccmnt, 

TMff't 

VoKtc. 

C<JT«r. 

51ll«. 

*  When  the  tngle  exceeds  45°,  read  upwmrd ;  the  number  of  degrees  will  then  be  found  in 
the  righ^huul  column,  and  the  names  of  columns  at  the  bottom. 


€».»  AJTENDDL 

Is  Richt-Aj?gl£D  Triavglesl 

Baae  =  ♦  flrp".  -  Pefp*. 

-"  =  ♦  iHjp.  H-  Peip.)  X  (Hyp.  —  Perp.) 

Petpendknilar  =  f 'Hyp.*  —  Bas^ 


=  ♦  M^Hyp.  4-  Base)  x  OByp-  —  Base.) 


Hypotheniise  =  ♦  Base*  n-  Perp*. 


What  constUtites  a  car  load  (^fiOO  lbs.  toeighi) : 

70  bbl&  lime ;  70  bbl&  cement ;  90  bbls.  flour ;  6  cords 
of  hard  wood ;  7  cords  of  soft  wood ;  18  to  20  head  of  cattle ; 
9000  feet  board  measure  of  plank  or  joists;  17,000  feet 
siding ;  13,000  feet  of  flooring ;  40,000  shingles ;  340  bushels 
of  wheat ;  360  bushels  of  com ;  680  bushels  of  oats ;  360 
bushels  of  Irish  potatoes ;  121  cu.  ft  of  granite ;  133  cu.  ft 
sandstone ;  6000  bricks ;  6  perch  rubble  stone ;  10  tons  of 
coal ;  10  tons  of  cast-iron  pipes  or  si)ecial  castings. 

Lubricator^  for  slushing  heavy  gears: 

10  gallons,  or  3J  pails  of  tallow ;  1  gallon,  or  \  pail  of 
Neat's  foot-oil ;  1  quart  of  black-lead.  Melt  the  tallow, 
and  as  it  cools,  stir  in  the  other  ingredients. 

For  cleaning  brass : 

Use  a  mixture  of  one  ounce  of  muriatic  acid  and  one- 
half  pint  of  water.  Clean  with  a  brush  ;  dry  with  a  piece 
of  linen ;  and  polish  with  fine  wash  leather  and  prejyared 
hartshorn. 

Iron  cement^  for  repairing  cracks  in  castings : 

Mix  \  lb.  of  flour  of  sulphur  and  J  lb.  of  powdered  sal 
ammoniac  with  25  lbs.  of  clean  dry  and  fine  iron-borings, 
then  moisten  to  a  paste  with  water  and  mix  thoroughly. 
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Calk  the  cement  into  the  joint  from  both  sides  until  the 
crack  is  entirely  filled.  In  heavy  castings  to  be  subjected 
to  a  great  pressure  of  water,  a  groove  may  be  cut  along  a 
transverse  crack,  on  the  side  next  the  pressure,  about  one- 
quarter  inch  deep,  with  a  chisel  ^-inch  wide,  to  £acilitate 
the  calking  in  of  the  cement. 

AUoys. — ^The  chemical  equivalents  of  copper,  tin,  zinc^ 
and  lead  bear  to  each  other  the  following  proportions,  ac- 
cording  to  Hanlcine : 


Copper. 
31.S 


Tin. 
59- 


Zinc 
32.5 


Lead. 


When  these  metals  are  united  in  alloys  their  atomic  pro- 
portions should  be  maintained  in  multiples  of  their  respec- 
tive proportional  numbers ;  otherwise  the  mixture  will  lack 
uniformity  and  appear  mottied  in  the  fracture,  and  ita 
irregular  masses  will  diflfer  in  expansibility  and  elasticity, 
and  tend  to  disint^ration  under  the  influence  of  heat  and 
motion. 


Materials. 


Very  hard  bronze 

Hard  bronze,  for  machinery  bearings  .... 
Bronze  or  gun-metal,  contracts  -^  in  cooling 

Bronze,  somewhat  softer 

Soft  bronze,  for  toothed  wheels 

Malleable  brass 

Ordinary  brass,  contracts  ^  in  cooling. . . . 

Yellow  metal,  for  sheathing  ships 

Spelter  solder,  for  brazing  copper  and  iron. 


CoMPosmoN. 


By  Equivalents. 


Copper. 
12 

14 
16 
18 
20 

Copper. 

4 

2 

3 

4 


Tin. 

I 
I 
I 
I 
I 

Zinc. 

I 
I 

2 

3 


By  Weight 


Copper. 
6.401 
6.966 
8.542 
9.610 

10.678 

Copper. 

3.877 
1.938 

I  454 
1.292 


Tin. 

I 
I 
I 

I 
I 

Zinc 
I 
I 

I 
I 


Babbitt's  metal  consists  of  50  parts  of  tin,  i  of  copper,  and  <  ^  •t»»i«»<»«Mr^ 
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Alumimira  bronze,  containing  95  to  90  parts  of  C50pper 
and  5  to  10  parts  of  aluminum,  is  an  alloy  much  stroiu  t 
than  common  bronze,  and  has  a  tenacity  of  about  2:i.^^ 
tons  per  square  inch,  while  the  tenacity  of  common  bron 
or  gun-metal,  is  but  about  16  tons. 

Manganese  bronze  is  made  by  incorporating  a  small 
proportion  of  manganese  with  common  bi*onze.  This  alloi 
can  be  cast,  and  also  c^in  be  forged  at  a  red-heat. 

A  specimen  cast  at  the  Royal  Gun  Factory,  Woolwicfc 
in  1876,  showed  an  ultimate  strength  of  24.3  tons  per  squar 
inch,  an  elastic  limit  of  14  tons,  and  an  elongation  of  8,7J 
per  cent.  The  same  quality  forged  had  an  ultimate 
ance  of  29  tons  per  square  inch,  an  elastic  limit  of  12  tons,^ 
and  an  elongation  of  31.8  per  cent  A  still  harder  foi^ged 
specimen  had  an  ultimate  strength  of  30,3  tons  per  square 
inch,  elastic  limit  of  12  tons,  and  elongation  of  20.75  per 
cent. 

The  tough  alloy,  introduced  by  Mr,  M,  P.  Parsons,  will 
prove  a  desirable  substitute  for  the  common  bronze  in  hy- 
draulic apparatus,  where  it®  superior  strength  and  greater 
reliability  will  be  especially  valuable. 


Approximate    Bottom    Velocittes    of    flow    in    Chakkels 

WHICH     THE     FOLLOWING     MATERIALS     BEGIN     TO     MoVfi. 

3.5    feet  per  second,  microscopic  sand  and  clay* 
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iine  sand. 
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coarse  sand. 

»-7S 
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pea  gravel. 

3 

U 
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i< 

smooth  nut  graveL 

4 

« 

€1 
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ij-inch  pebbles. 

5 

a 

u 

tt 

2-incii  square  brick-bats. 
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Tensile  Strength  of  Cements  and  Cement  Mortars,  when 
7  Days  old,  6  of  which  the  Cements  were  in  Water. 

(Compiled  from  Gillmore.*) 
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ca&^fl 

^^"                  General  Water-works, 

Statistics,  18S0. 

^ 

£ 

11 

'*  a. 

i 

1'  ■ 

^^^»                  Cmss. 

k 

H 

si 

1 

^1 

^1 

1     Albany.  N.Y , 

00903 

6,363,210 

♦  145404 

77 

^H 

1     Alkgliany,  Pa , 

78.682 

IO,000,0(X) 

i68.r»oo 

60 

^H 

■     Brooklyn.  NY 

566.577 

30.674.761 

977.703 

352 

H 

■     Boston,  Mass. , . 

362.535 

35900,000 

1.044,780 

50Q 

^M 

Baltimore,  Md 

332.190 

23,000,000 

606,879 

277 

524     ^B 

Buffalo.  N.  ¥...,........   .... 
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216,214 
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K    Cambridge,  Mass 
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177,430  ! 
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H 
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499>857 
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545    ■ 

■    Cleveland ,  Ohio 
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10,180,000 

203.379 
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^H 
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503.304 

57.384,376 

961,051 
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^M 
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51,644 
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44 

534         ■ 

1     Detroit,  Mich.... 

1 16,027 

15,170.000 

380,684 
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4,000,000 

121,281 
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Indianapolis,  Itid 
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Comparative  Water-works  Statistics,  1880. 
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Albany.N.Y .,......,. 
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Stand-Pipe  Data. 


LOCATION. 


Wichltat  Kan ,,..,. 

Milwaukee,  Wis ,•-,., 

Henderson,  Ky* .......... 

Catasauqua,  Pa* ..... .  * . . . 

Toledo,  Ohio 

Erie,  Pa,    ....,•,.,...,.. 

Allentown,  Pa. ,    <-.  * 

Bristol,  Pa  ,,.... 

New  York  City,  High  Service 

Joliet,  111...... .... 

Ml  Pleasant,  la. ,  • . . . 

Sandwich,  111 ....._-..... 

Lewisburghj  Pa 

Maquoketa,  la .  *  *  *  *  ► 

Freeport,  III  .,*...,..,••, 

Lincoln,  Neb * 

Charleston,  S.  C 

Yonkers,  N.  Y.... 

Princeton,  N.  J. , .    - 

Perth  Amboy,  N,  j 

Alliance,  O 

WUmington,  N.  C 

IJedlmtn,  Mass . 

South  Abington,  Mass 

Nantucket,  Mass. 

Fremont,  O . , 

Atlantic  City,  N.  J 

Sandusky,  O —  . . 

Newton.  Kan 

Springfield.  O  ,..**...... . 

Franklin,  Mass 

Wakefield,  Mass. .  -     

!N.  Attleborough,  Mass .  * . , 
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FeeL 


150 

So 

80 

100 
214 

58 
140 
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100 

I  So) 
229  f 
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35 
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Thid 
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i 
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A 
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4 
i 
I 
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I 
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Tbid 
of  lop. 


t 
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Weights  of   Lead  and  Tin   Lined   Service-Pipes^ 


Cftlibr«. 

AAA. 
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WcMit 
pcrlU 

A. 
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ii«TfL 
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per  ft. 

Weklit 
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^iS' 

Weigkt^ 
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LU, 

ZAf. 
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L&t. 
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1 

1.5 

1*3 

1.12 

I          ' 

1.06 

0.63 

— 

0^5 

— 

■     i 

3 

2 

1^75 

1.35 

I 

0.81 

— 

0-7 

0.56 

■     I 

3-5 

2*75 

25 

3 

1.75 

1*5 

1.25 

I 

0.75 

\ 

4*5 

3^5 

3 

3.35 

3 

1.75 

t-5 

1.25  ' 

I 

1^ 

6 

4*75 

4 

3.25   ' 

2*5 

3 

— 

1-5 

— 

"n 

6  75 

5.75 

4.75 

3-75  1 

3 

2^5 

— 

2 

— 

I| 

9 

8 

6.25 

5 

4.25 

3-5 

— 

3.25 

— 

3 

I0.75 

9 

7 

6 

5-25 

4 

— 

— 

— 

A  manufacturer's  circular  states  that  tbe  following  quanti- 
ties  of  water  will  be  delivei*ed  through  500  feet  of  their  pipes, 
of  the  respective  sizes  named^  when  the  fall  is  ten  feet : 


Calibre 

<5allons  per  minute. . 
Gallons  per  24  hours. 


A  1 4nch  clean  sendee-pipe  connect-ed  to  a  ^-ineh  tap 
under  a  hundred  feet  head,  will  deliver  at  the  sink,  through 
a  common  compression  bib,  ordinarily  about  three  pails  of 
water,  or  say  8.25  gallons,  or  1,1  cu.  ft,  of  water  per  minute. 

Lead  is  more  generally"  used  for  service-pipes  tlian  any 
other  material,  but  wrought-iTt)n  i>ipej  lined  and  coated 
with  cement,  or  with  a  vulcanized  rubber  composition  or 
ttandry  coal-tar  compositions  and  enamels,  have  been  used 
to  a  nearly  equal  extent  withufi  a  few  years  past.  Block- 
tin  pipe,  tin-liind  pipe,  and  galvanized  iron  pipe,  have  been 
used  also  to  a  limited  extent 
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Sai?e  Weights  of  Lead  Service  Pipes. 

Gtood  lead  pipes  have  an  ultimate  cohesion  of  about 
2000  lbs.  per  square  inch.  The  effect  of  the  water  ram 
when  the  house  faucets  are  suddenly  shut  is  not  quite  aa 
severe  on  services  as  it  is  on  the  risers  and  fixtures  in  the 
house.  Fifty  per  cent,  of  the  pressure  is  a  fair  allowance 
for  the  ram  on  services,  if  an  additional  coeflBcient  of  safety 
of  5  or  .2^  is  taken  to  cover  the  limit  of  elasticity  and  ordi- 
nary weaknesses. 

On  this  basis  we  have  formulas  for  thickness  f  and 
weight  Wj 

,  _  l.bpr  _  7.5pr 

in  which  p  =  pressure  in  lbs.  per  sq.  inch. 
=  .434  head  in  ft. 
r  =  internal  radius  of  pipe,  in  inches. 
d  =  internal  diameter  of  pipe,  in  inches. 
t  =  thickness  of  pipe  shell,  in  inches. 
n  =  3.1416. 

s  =  ultimate  cohesion  of  lead,  mean,  2000  lbs.  per 
sq.  in. 
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Weights  for  given  Pressures  of  Water* 


Diameter,  Vk" 
x" 


Head  of  Water  in  Feet. 

75  I  loo  I  las  I  150  I  175  I  900  I  W5  I  aso  I  a75  1  300 

Pressure  of  \A^ater  in  Pounds. 

39.55  I  43.40  I  54.a5  I  65.10  I  7595  I  86.80  I  97.65  1 108.50  I  s  19.35  I  i3o.ao 

Weights  of  Lead  Pipes  per  foot,  in  Pounds. 
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These  weights  should  be  increased  somewhat  in  the 
house  plumbing. 


RESUSCITATION    FROM    DEATH    BY    DROWNING, 

''Pei'sons  may  be  restored    from   apparent    death   byj 
drowning,  if  proj^er  means  are  employe<i,  sometimes  when 
they  have  been  nnder  water,  and  are  apparently  dead^  for 
fifteen  or  even  thirty  minutes.    To  tliis  end— 

1*  Treat  the  patient  iNSXAirrLy,  on  the  spot,  in  the  open 
aii\  freely  exposing  the  face,  neck,  and  chest  to  the  breeze, 
except  in  severe  weather. 

2.  Send  with  all  speed  for  medical  aid,  and  for  artictea 
of  clothing,  blankets,  etc. 

I,  To  Clear  thk  Thi^oat. 

3.  Place  tlie  patient  gently  en  the  face,  with  one  wrist 
under  the  forehead* 

(All  fluids,  and  the  tongue  itself,  then  foil  forwards,  and 
leave  the  entrance  into  the  windpipe  free. 

n.  To  Excite  Respieation', 

4.  Turn  the  patient  slightly  on  his  side,  and 
(L)  Apply  snnff,  or  other  irritant,  to  the  nostrils ;  and 
(II,)  Dash  cold  water  on  the  face,  previously  rubbed 

briskly  unto  it  is  warm. 

If  there  be  no  success*  lose  no  time,  but 

in.  To  Imitate  Resfieation. 

6.  Replace  the  patient  on  the  face, 

6.  Turn  the  body  gently  but  completely  on  the  side,  anc 
a  little  beyond,  and  then  on  the  face  alternately,  repeating  ■ 
these  measui'es  deliberately,  efficiently,  and  perse-} 
VERiNOLY,  fifteen  times  in  the  iLinute  only. 

(When  the  patient  reposes  on  the  chest,  this  cavity  is 
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compressed  by  the  weight  of  the  body,  and  expikation 
takes  place  ;  when  it  is  turaed  on  the  side,  this  pressure  is 
removed,  and  inspiration  occurs.) 

7,  When  the  prone  position  is  resumed,  make  equable 
but  efficient  pressure  along  the  spine,  removing  it  immedi- 
ately before  rotation  on  the  side. 

(Tlie  hrst  measure  augments  the  expiration,  and  the 
second  commeuces  inspiration.) 

IV.  To  Induce  Circulation  anb  Warmth:,  continue 
THESE  Measures. 

8,  Rub  the  limbs  upwards,  with  firm  pressure  and 
energy,  using  haudkerchiefs,  etc. 

9,  Replace  the  patient's  wet  covering  by  such  other  cov- 
ering as  can  be  instantly  procured,  each  bystander  9ux>ply- 
ing  a  coat  or  a  waistcoat    Meantime,  and  from  time  to  time. 


V.   AOAIN,  TO   EXOITE  INSPIRATION, 

10.  Let  the  surface  of  the  body  be  slapped  briskly  with 
the  hand  ;  or  ' 

11,  Let  cold  water  be  dashed  briskly  on  the  surface, 
previously  rubbed  dry  and  warm. 

Avoid  all  rough  usage.  Never  hold  up  the  body  by  the 
feet.  Do  not  roll  the  body  on  casks.  Do  not  rub  the  body 
with  salts  or  spirits.  Do  not  inject  smoke  or  infusion  of 
tobacco,  though  clysters  of  spirits  and  water  may  be  used. 

The  means  employed  should  be  x>ersisted  in  for  several 
hours,  till  there  are  signs  of  deathJ^ 
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meter  tegi^t^  yy* 
Elemcnury  dimensions  oi  pipes*  504, 
Elements,  the  vapory,  45. 
Embankmeat,  a  lijifht,  353, 

* '  core  ma  icrials,  339, 341, 34B,  354* 

359* 
ciit  off  walls.  33o»  338,  348. 
example  oi,  347. 
failures,  334. 
**  tne  sand  ui,  353. 

**  toundations,  335,  1137,  33S. 

*"  frost  eoreriiiR,  350. 

gate  chambers,  357,  358, 
"  masonrv  faced,  354. 

*'  ttialerial%,Gf>cfs.  01  friction,  345. 

"  *'         frictional    angle    of, 

345. 

*  **  proportions    of,    34a, 
349' 

•*  **  weighU  of,  341, 

**  pressures  in.  343, 

•*  puddle  Wf-ftll,  351,  354. 

**  puddled  slopes,  35a,  356*  370. 

•;  ^vetted   149,  3C4.  370. 

**  she«t-piliQg^  under,  339, 

"  sitCf  reconnabsance  for,  347, 

"  slope-paving,  350.  355. 

♦  S  OpC3,  344,  345,  350,  355, 

**  simces,  355.  35^.  358^ 
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••*  ladiaa.  334. 

reservoir,  333. 
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Estimates  of  60 w 
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water  supplies  36. 
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Faced  revetments,  439. 
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"  walls,  4^7- 
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-"   pipe   coefficients,   336,  943,  >6p|^^^^^| 
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Flab  scr<;cns,  365. 
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"  pij>es,  »54,  257%  4^'                   ^H 
**                  **     orfji^m  oi;  339.                               ^^H 

**      minimum,  mean  and  Qood,  7S< 

»*      of  streaunfi  and  chauncLs,  65,  399. 

'*         '*      '*     through  bends,  373.                   ^H 

•'      "   %vater,  ia4. 

*'      '*                    branches,  375.               ^H 

"»      over  a  weir,  3S0. 

chatineb,  303.  304.        ^| 

307,  J08,  310,  314,         ^H 

8j, 

3^f  335.  336,               ^H 

♦*     pefiwlic  a%ailablc,  69.  101. 
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Formulas,  velocities  and  times  of  fidling  bod- 
ies, x86, 187,  190. 
Foundation,  concrete,  386. 

*'  embaolcment,  335. 


for  pipes.  487. 
conduits,  <i33. 
H^te-chambers,  367. 


"  ♦'  walls,  395,  406,  407. 

♦•  under  water,  430. 

Foundations,  angles,  396,  433. 
"  frictions  on,  390. 

"  of  stand-pipef,  586. 

Fountain,  use  of  water,  34. 
Francis,  Jas.  B.,  experiments  with  weirs,  384. 

**        tubes.  3x7. 
Frankland's  den..ition  of  polluted  water,  137. 
Friction,  coefficient  of  masonry,  396. 

"        in  pipes,  230,  234,  350,  495,  508,  598. 
"        of  ice  on  canals,  3^3. 
**        **  pumpini^  machmery,  578. 
Frictional  head,  formulas  for,  335, 331, 350, 353, 
„     a53»  354.  ass,  266,  368,  370,  495, 508, 538. 
p  rost  curtain.  367, 
**     disinte(|[ration  o'  mortar  by,  436. 
**     protection  of  conduits  from,  436. 
Fuel,  expense  for  pumping,  581. 
**     required  for  pumping,  575. 
Fimgi,  microscopic,  139. 


G. 

Galleries,  infiltration,  $39,  54a 
Gate  chambers,  357,  367. 

"     hydrants,  533. 
Gates,  stop,  canals,  371. 
Gauge,  Darcy-Pitot  tuoe,  333. 

**       Darcy's  double  lube,  333. 

'*      double  float,  336. 

*^       formulas,  319. 

"       hoolc,  Boyden's.  396,  397. 

**      maximum  velocity  float,  338. 

'*       mid-depth  float,  336. 

"       Pitot  tube,  330. 

*'       rain,  63. 

*'       rule,  for  weirs,  298. 

•'       tube,  317. 

'*       tube  and  scale,  weirs,  398. 

"       Woltnian's.  322. 
Gauges  and  weights  of  plate  iron,  487,  488. 
Gauging,  hydrometer,  316,  321. 

of  mountain  streams,  296. 

*'         **  rain  (all,  62. 
"  "  rivers.  318,  319. 

Gears  for  sluice-gates,  359. 
(rcneral  raintall,  46. 
Geological  science,  application,  106. 
(»ranular  stability  of  masonry,  403. 
(rruphical  representation  of  force,  175,  403. 
Gravitation  system,  588,  590. 
Gravity,  185,  187,  189,  190,  330,  299. 

'*       centre  of,  177,  39J,  402. 
Great  rain-storms,  61, 
Grouped  rainfall  statistics,  53. 
Grouting,  353,  369. 

H. 

Hardening  impurities,  125. 

Hanlness  of  water.  135. 

Head,  desirable  for  fire-service,  493. 

•*     eff^ective  in  pipe-system,  493. 

••      how  to  economize,  276. 

**      loss  by  friction,  493. 

**     subdivisions  of,  225. 

*'      value  of,  49^. 
Heat,  units  of.  utilized,  578. 
Heighu,  falling  bodies,  187,  190. 
^*       of  waves,  388. 


Hir9ch*t  sogmr  test  of  water,  150. 
Helpful  influence  of  water  supplies,  97. 
Hoolc  gaujge.  Hoyden's,  996. 

'*         *<^     use  to  detect  fluctustkxis,  3x9. 
Horse-power  of  effluent  Jet,  ass. 

♦*         **      to  produce  flow,  361. 
Hose  streams,  510,  59a 
**    use  of  water,  34. 
Hudson  river  basin,  xoi. 

''      vallev  rainfall  in,  53. 
Hydrants,  kxL  5x7,  519,  533. 
**         nigh  pressures,  533. 
**        streams,  530,  585. 
Hjrdraulic,  excavation,  376. 
**         masonry,  «69. 

mMn  de5*h,  935,  903, 44s. 

»»     radius.  336,^5. 

power  pumping,  589, 591. 

"         proofof  pipes,  477. 

Hydrometers,  Casteilis*  and  others,  336. 

**  coefficients,  335,  «36,  ^6a. 

"  gauging  with.  316,  395, 396. 


Ice  covering  of  canals,  373,  386. 
*'  impure,  in  drinking  water,  135. 
»•  thrast,  358,  386. 
Impounders,  flow  to,  86. 
Impounding  of  water.  144. 
Impregnation  of  water,  X4x,  153. 
Impunties  of  water,  xia. 

»»         i»      .»       agricultural,  134. 

*'         **      ^^       atmomhoic,  tat. 

**         "     '*       manumctnring,  134. 
"      "       mineral,  1x5, 133. 

;i         !!     !!       organic,  1x6,  xa7,  130. 

"         "     "       sewage,  X34. 

"         "     "       sub-sur&ce,  133. 

"         **  deep  wells,  X35. 
Inch  and  foot,  decimal  (Mirts  of,  457. 
Incidental  advantages  of  water  supplies,  99. 
Inclination  in  channels,  335,  304,  371,  373,  373. 
Increase  in  use  of  water,  39. 
Indian  embankments,  334. 
Indicator,  stop- valve,  361. 
Infiltration,  537.  540,  543,  544,  546. 
Influent  chamber,  366. 
Infusoria,  X30. 
Inhabitant,  supply  per,  40. 
Inspections  of  stand-pipe  materials,  590,  601. 


Intercepting  well,  102,  546. 

Interchangeable  pipe-joints, 

Introduction  of  filters,  551. 
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Insurance  schedule,  29.  ' 

Investment,  value  of  water  supplies  as  an,  99* 

Iron,  gauges  and  weights,  488. 

"     sluice  valves  360. 

**     work,  varnishes  for,  474,  476,  489. 
Irrigation  canals.  370,  373,  373, 
Isolated  weirs,  383. 


J. 
Jets,  211,  267. 
"    coefficients  of  velocity  and  contraction, 

196.  198.  208. 
'•    contraction,  208. 
*'    varying  forms  of,  21  x. 
"    velocity,  208. 
Joints,  mortar  for  pipes.  487. 

"      of  cast  pipes,  457,  461,  463,  469. 
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nutter's  coefficients  for  channels,  305. 
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Lake  wmten^  14%^ 
Uvi-  '     *      - 

L«%^el,  use  of, 


sf^ht-pipcSt  4S»* 


J,  630,  631. 

,  ii^i  y..<!.jLrir  V",  irg.. 
Levermge  of  watt  t-;ii     ^irc,  jigi^, 
reyitiia^t.  i>i  w^Us,  40a. 
'•  subility  oi  muonry^  397. 

Life  of  clwna,  i88. 
Limiting  prcsaurc  iti  masoniy,  686. 
LI n  1114;  nf  pipe^.  ccmeat,  i&t, 
Log&rithms  o*  rstios,  isi. 
Loss  by  cvftporatiofi,  87^ 
**-    from  reservoirs.  84. 
'*    of  be;sd  by  iriction,  976^  493. 
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M. 

Mams  and  distribution  pli 

"      power  to  produce  flow 
Masotir>%  »nprleii  of  repost,  3^, 

it  ^„.:hv  '■'"*-^  of  friction,  ^f)6, 

"  ■  ■'i^  43o« 

"         t .. .  V . .  I  .K  ^  oi  waste  pipes,  357. 

'*         examples  of  presiurc  In,  39a,  397, 

401,  406,  4i». 
**         faced  embankment^  354, 40^  4jft,  4^13, 

43J. 

*^  frictional  !ttiibititv  of,  402^ 

**  -isurcs  in^403,  404,  s^ 

**         i,^<^f  ...,.•,  vurve  batter&,  383)  385,  387, 

4^4. 
*'         weiffht  leverage  of^  398. 
„    **      .  *f      ptf  39St  3?>7»  4<H*  4»» 

Malefials,  ciDbankmeof,  339,  341,  342^  345,  346, 

MaXTmiim  vck>  508. 

Mechanical  vnt  i;U  water,  935. 

Metal  platen  ttsu  ^,i,  y^.,  ^.,i. 
Metals  for  stand^^pipes  thicknesa,  595,  5961  597, 
598,  601. 

*♦      pi|»e,  470,  473. 

"      tenaciues  ol  wToui^htt  45i«4S4i  4^6,  491, 
Meters,  current,  3113,  335,  ita6.  3*^- 
Metric  weiglits  and  meai^ures,  6n. 
Microscopical  czatninatjoa  o(  metals,  471* 
Mineral  Impurities,  115^  530. 

sprious  14a,  143. 
Mmerf'  canals,  175. 
MiwiplicatioQ  ol  lomiulae,  316. 
Misftssippi  valley,  rainfall  in,  54. 
Molecular  theories,  163,  996. 
Molecules,  185* 

Moment  of  earth  leverage,  413. 
Monads,  130. 

Monthly  and  hourly  vartatiocia  in  the  dmufiht, 
4i> 

"       fluctuations  in  rainfall,  56. 
Mortar  for  lining  and  covering  pipest  #87. 
Motion,  ajccetefnititn  of,  t8j. 

**        equations  of,  t86» 

'*        of  a  pi  iron,  ^to* 

1  ■  *  ktf  >87, 

Moutdm^'  3. 

MoulmeL^  ,,  „  ,.. 
Mnni^pal  cuiiumI  ol  wmter  supplies,  §8, 

H. 

Natural  clarification,  149,  5jj. 

**      laws,  uniitirm  dDecta  of,  Ot. 


NecftSsUy  of  water  supplies,  55, 
NocCos,  1S9. 

Ohio  river  railey,  rainfall  in^  54, 

Open  canals.  370. 

Ordioary  How  of  streams.  8a, 

Orgmnic  impurities.  So,  113,  is6,  $31,  53a, 

OrnalBms,  139,  i^t,  133. 

Ortnoe,  submerged,  909. 

**       volume  of  efflux,  it  it. 
Orifices,  classes  oC  194. 

**       coefficients  for  circular,  196, 198, 199, 

**       coemcients  for  rectai»gutar,  198,  300, 

•ot,  S09,  aos,  906, 
**       convergent,  913. 
**  *'  path  toward,  194. 

"       cylindrical  and  diverjcrent,  3x3, 
**       experiments  with,  198,  199,  3oi>,  aox* 
**        flow  of  water  through,  194,  aio^ 
Oriifice-iet,  form  «f  submerged,  195- 

**  peculiarities,  atyj, 

"         ratios  of  minimum  section,  195. 

**         variations,  904. 

*'         velocity,  196,  ao8,  309. 


Pacific  coast  rainfall,  m. 
PalntiniF  iron  wort,  47*.  ♦?«  489. 
Parabolic  path  of  jet,  187 

*^         segment,  application   to  weir  vel- 
um 1^  383, 
Partitions  and  rcfjaining  walls,  390W 
Paving,  concrete,  355. 

♦*        embankment  slope,  348,  350,  354,  355, 
35«.  358- 
Peeollar  water  sheds,  71. 
PcDStock,  cylindrical  wood.  439.  441. 
Percentages  of  rainfall  on  river  oasin,  73*  83/^, 
Percolation  from  reservoirs.  85.  94. 
**  ol  rain,  104,  loj,  tti, 

*'  under  retaming  walls,  406. 

Permanence  of  water  supply  easential|  585- 
Persi>ns  per  family,  ja.  i3rt. 
Physiological  effects  ot  the  impurities  of  water* 
114. 
♦♦  office  of  water«  35. 

Pipe,  adjustable  effluent,  364. 
**     and  conduit,  »aj. 
"      branches,  campositc.  464. 
*♦     covert niTS,  481.  4B7,  489,  joi,  50a. 
"     distribution,  493,  495,  503,  505,  506,  $aSm 
"    joints,  cast.  4S7,  4*1,  A^J,  400,  4«J- 
**         "         '•    hub,  on  wrought,  483. 
**  '*      dimensions  of,  451, 459,  4M. 

**  '♦      flexible,  i^n,  464. 

"         **      interchangeable,  46tj. 
♦*     metats,  470,  47a. 
'*         "       wrought    strength    of,  45*,  454, 

«68,  490,  491* 
"     resistance  at  entrance  to,  996. 
**     shells,  wrought,  thickness  of,  448,  485* 

486, 
**     systems,  duplication  in,  510. 
**  **        illustrations,  493, 510. 

;*     testing  press,  477. 
*'     walls,  resistances  of,  997,  saA. 
Hpes  and  sluices,  embankmenti,  355. 
**     casting  of,  45#, 
**     cast^ron,  447,  451,  459, 
'*  *'  thickness  oC  453,  454, 455,  466^ 

*'  **  welght<i  of,  465,  46B,  469. 

"     cement  joints,  4^3, 
"  •*     lined,  47'i,  48 14 

*'     coefficienU  of  friction,  93^  949^  »4*»  495* 
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INDEX 


Ptpes, 


I,  concrete  foundAUons  for.  487. 

contcQts  of,  504* 
**      direct  pressure  systems,  5^5. 
**     depths  ot,  50T.  sw> 

**     diAtnelers  for  ^  5ro. 

•*     etementary  dii  ,  504, 

**     exf«n3.ions  ci(,  45-, 

"      flanges,  table  or4^- 

"     lormuiaA  for  ttilckocBS  ofosl,  4,53,  466. 

**  "        **    velocity,  head,  volume  and 

diameter,  atsj,  a66,  a68.  270,  408. 
*'     formulas  for  weights  of  caat^  4/6s* 
"*     tricima  ia,  aas,  495.  50^. 
"      hydraulic,  proof  01,  477» 
"      lead  in  joints,  468. 
**     mains  and  diHtrlbatlOii,  446. 
"     molding  of  cait-troot  4^1, 
•*     plan  ol  a  system,  505. 
'*     pmcrvadou  ot  surtaceH,  473,  480*  489% 

491. 
*'     proof  tests.  476. 
***     relative  capacities  of,  4^,  yxt^ 
**     service,  527.  528. 
*'     fdiort,  tifj, 
*»     square   roots  of  fiftti  powers  of  dtain- 

eters,  499,  500, 
•♦     fttatic  pressure  in,  ^6. 
•*     sub-coef6dent8  ot  flow  (^t  271. 
"     temperatures  of  water  in*  5<w. 
**     thickness  uf  caist,  45,3^  4551,  456. 
**  "  wrought,  447,  4so»  4B6,  4*8. 

*'     tubcrcuUled,  147.  ^8* 
**     ro^itirtcs  of  flow  from,  333,  ai^,  495. 
**     water  rara  in,  448,  449. 
**     wood,  401, 
"     wrouybt-iron,  479, 
"  "        pUics  tor,  490V 

Flp{fif(  and  water  supplied  *  38, 
"*      ratio  to  population,  35. 
Pfaton  motioQ,  56a. 

"  purop,  5S7,  558- 
Pitot  tube  guuKC  jao. 
Plant  and  insect  a^^encies  »47- 

*'     growth  in  reservoirs,  145. 
Plates  for  wrouRht  pipcis,  490. 
Plunder  jmmp,  557,  563, 
Pluviometer,  63. 

Polluted  vkatcr,  definition  of,  137* 
Poiiudicig  liquid^  inadmissible,  r54« 
PollutioQ  question,  V56. 

'"         of  water,  artihcial.  ts^i. 
Population,  and  relution  of  supply  per  caf^la, 
40- 
*'  of  various  cities,  3*1  33*.  33^. 

Portland  ceraent  for  jolni  mortar,  487. 
Porosity  of  earths  and  rocks*  loav 
Post  hydrants,  517. 

Power  consumed  by  variable  flow  in  a  main, 
560. 
**      consumed  Iti  pumps,  j6o,  s*t. 
"      required  to  open  a  valve,  361,  364. 
Practical  constiuetion  of  water-works,  333, 
Precautions  for  triangular  weJrs,  395. 
PrecipHatinn,  influence  of  elevation  upon,  50. 
Preservation  of  pipe  surftictiii,  473,  4S0,  4F9, 

44t. 
Press  for  test  In  $^  pipes.  477. 
Pressure,  a  line  a  meiusure  of,  $74, 
**         conduits  under,  4^5.  41Q,  440. 

into  inecnanical  effect. 


conversion 

930- 
conver^mn 
dlrt.r 

In  •*« 
Icvii 

of  earrn  -ip.n'.r- 

415,  06. 
of  water,  t6B,  173,446. 


r  velocity  Into,  »»7. 
xinurro  etfiect,  176. 


i.  307. 


\iK  40S.  4io»  413, 


itCS,tT^ 


Pr^ssune  of  water  !n  i  ronduit   417 

prfH- 
"         rcsu 
**         suir 

trair 
**         up-  -  171* 

•;  U.p<.n      ..       <.  .  ..J, 

"  wcigln  a  mtatsurc  u\  173, 

Pressures,  artificlaJ.  171. 

*'         at  given  depths,  tablet  *7** 

*^  atmospfacriL,  sSs^ 

"  centres  of,  177. 

**         ix)nvirrtiblc  into  motloti,  iS^ 

*'         eKMmplci  in  waits,  403,  404. 

*'*         from    inclined   columns  of   water* 
17.;*. 

•*         grci 

**  nor; 

\Ri 

**  nun  ■  'Hry,  ^oj,  404* 

*'  ata:  ,4f\  44'i' 

•*         loi.i.  -6. 

**  upon  iii>  - 

**  **  CUIV  ,Afj. 

**         Upward   1.  ;    imi 

iBi. 
Prism  of  weir  volumes,  382, 
Processes  tor  preset  ving  Iron*  474, 476,  484* 
Profile  acro*^  the  United  8tiUes,  48. 

•*      ol  retain  I  nt^  walls,  407, 
Properties  of  water^  113. 

^*  emUaniinicnt  materials,  343. 
Proportions  of  *  '*         349. 

Protection  of  filter  haH,  ^^fl,  ^55, 

"        '*   water    1       '       '^i  nets,  431, 
Protective  value  of  386. 

Pronv*^  analysl**  rrl  <  ,  ^jj. 


il  effects,  177- 


in)teLa» 


Pump,  h 


7,  567,  603, 


"       plunger.  557*  563* 
**      rot^y,  558. 
^^       valves,  558,  5^3»  566.  S^.  S^  $7^  S7»*  " 
Pumping  ot  water,  557, 

•^  '*       diiiflram  ^^f.  47. 

'*         engines,  5v  77. 

*•  **  "      iKtt  n dance,  57 s,  SkS*. 

**  *       duties,  574, 579. 580, 5*1.  s€> 

fuel  eipenses  ^t,  58», 


principal  liivisions,  577. 
special  tri  '    ' 


special  trial  duties  jjlob 
value?  compared,  583. 

**        Eoacbinen 

"  "  cs,  586. 

'*  '•  »!>3. 

"  "  Manchester,   -.3,  l-.^ 

**        syMem.  6&t,  608, 
*'        water,  cost  of,  1*4,  575, 
Pumpi,  p^'wer  romumed  in,  560^  561, 
*•       t-  ''.    '-, 

"  through,  559. 

PurUyoi  .  I  requisUcs  for,  144. 

(feservailon  of,  148, 
PuriEoOioo  of  water,  natnnd,  1341  i57»  «**• 


Quality  of  water,  sugar  test  of,  159* 
lUdil,  ine*n  of  oond  tilts,  441,  «|a. 
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1  Balnfall  mUinz  Hrer  ocntrses.  51. 
and  equivalent  How,  8a. 
diagram!!  ol,  55,  57^  5^ 
gauf^nff,  6a, 
*'      generaT.  j6. 

ill  tbe  United  Scatea,  s> 
••  lnflucr>ces  aflectini^t  <6t>. 
*•        V.V  77.78, 

•'       1  !uatioDS  in,  5&, 

*'       (•[  ic  Bastat  7a,  73. 

"  "   I  rjLuu  Basin,  83a, 

**        ratio  of  fl«x>ds  to,  6». 
"        rtitios,  7J,  IOCS  io«. 
*"        ^cculiir  fluciuations  in,  60. 
**        setrtians  of  maximum.  47. 
"       statistics,  revievb'  of,  46.  72^  834. 
**        TOtumes  of  Kiven,  6a,  83J, 
fUinlalls.  fl4)w  from  giTcn,  per  acre  uid  {MT 

mile,  89. 
Raln-gaug:e,  63. 
Rakis^  river  bn^in,  50,  r», 
kiiin^  water  111  |M]i«r'<^  449. 
RjiL^oCfir  S06. 

Rating  ot  '  r?t,  395,  396,  3984. 

Ratios  of  '  ^i  91. 

♦'        "  lu'.M! Lilly  ti>nsuniption^  43. 
*•        '*        *•         flow  in  streams,  76,  loi, 
"        ••  qualification  of  deduced,  99. 
**        "  ralofali  Bow,  cit:..  table,  73^  loo^  tot, 
**       *•  standard  paJion*,  taa 
'^       ♦'  Aurface  to  mean  velocities  In  chan- 
ncls,  3*5. 
variable  delivery  of  water^  564, 
water  storage,  *>■;.  <.}j. 
:tk>n  and  gravity .  -f,  ^^30, 

nnaiaeafice  for  c  u  t  e,  346, 

_  *'  oi  it\s  7S. 

rSflctaogular  and  timi^H^zuiJal  \\\dK  momenta 

0^  399- 
Rectaniifuliir  welr^,  »77, 
'  RciJd'       -      ■         .7»- 
Rea  current  meter,  335<f. 

Rcl.<  j>ly  per  capita  10  hHal  [lobula- 

tion. 40. 
Relative  valuer  *if  4,  A;  A",  353. 

**        discharging  oipACitiea  of  [Hpea,  498, 

**       rates  of  domeitic  and  fire  draugbta, 

50S. 
ulsiaHf  molecular,  296. 
crvc  lor  fire  service^  44. 
trvulr,  cuvcrirujs,  556. 
"         distributinjf,  134,  353,  354,  356,  35S. 
»*         embajikmenta,  333,335,341, 345,  348, 

353* 
^*         Morale,  surreys  for.  3^7. 
**         tytnata  conditions  in,  i^d, 
•♦         systiem,  508. 
"  revetments,  354, 

ReterYoira,  fa^ure  of.  334, 
r  **  Indian,  334. 

I"  storage,  84,  87,  93,  95,  9^,  tat,  347. 

**  subterranean,  T05. 


waves  upon,  3B8. 
"r  toafftt,  I 


Re^stance  of  tli«  air  to  a  j«t,  190. 
'*         at  entrance  lo  a  pipe,  366, 

**         of  masonry  levetmenls,  417, 

i  *"         to  flow,  measure  r)f,  730,  »3i, 

Re^stances  to  flow  witbin  a  pipe,  ^7,  s»9, 330^ 

a33,  ^48.  J54j.«56»  »66   273,  403. 
RcBtstaoces  Co  flow  in  cbannel«,  300,  304,  3P7, 

3to»  )ta. 
Resultant  effect  of  rain  and  evaporation.  93. 
Retaining  walls,  390,  sos,  397»  399. 4«*»  4i7»  4»o, 

"  "  effect  of  irafnc  on.  495. 

'^  **  for  earth,  table.  420, 

*  fiont  batters,  434. 

**  percoLatioD  under,  406. 


Retaining  walls,  sections  of,  354,  4^, 

♦'  **  !h%4a4. 

Resultants  in  ■^t  <  7, 

**         of  J  400,411, 41^  4»> 

Rcreucd  . 

„      **  i-  M9i  354»  370t  4»9» 

Revctmcit'.  i>l  concrete,  f 39. 

**  tiiial  resultants,  418, 

*'  resistance  of,  iir. 

**  trapezoidal,  ume  of,  4«v 

Riparian  rights,  85,  86. 
Rip-rap,  slo[>e^  371. 
River  basin  rams,  50. 
"      basins  of  Maine,  84, 
*"      courses,  rainlall  along,  5T. 
•*      pollutiQil  committee,  154, 
'*      waters,  151, 
Rivers  and  canals,  table  of  flows,  307, 
Rivets,  joints,  ei^i,  593. 

**      table  of,  593, 
Riveting, 3QI,  v^. 

Roof  for  biter  beds  and  resenroiis,  S49, 5S5> 
Rotary  pump,  5^. 
Rabble,  grouted,  353. 
•*       mason  r>%  ao. 
**      priming  walls,  35a. 

S, 

Safetv,  factors  of,  449,  451,  451*  48S«  4^  9«li 
„      S-Hf  395?  59f »  600. 
Sand  in  embankments,  3^3, 
Sanitary  discu&sions,  15,3. 

**        impruvements.  36, 

**        omce  of  watcr^  »6. 

**       views,  precautionary,  154. 
Schussler^s  process  of  coating  pipes,  48^ 
Screens,  650,  365. 
Seasons  of  floook,  66, 
Sections  of  majiimum  rainfitU.  47. 
Secular  fluctuations  In  rainfall,  6q, 
Sedi  mentis  5^.  Sl^* 
Scrvir.;  r'fr"^'^T  frictions  in,  table,  saSL 


Ser 

St'tti 
Sevv 


lind  low,  514. 

so. 
ties,  134. 
dilul 


dilution  of,  133,  tss- 

Shells  of  conduits,  434. 

Sheet- iron,  gauges  and  weights,  488. 

Sheet  piles,  371. 

*'         under  cmbaakmeat,  339* 
Short  tubes  315.  a  1 6. 
Showers,  source  of.  45. 
Sines  ttf  ^oi>es  table,  359. 
Sipbon,  1 8a.  184, 
Site  fi>r  embankment,  reconnois^ance  for,  34& 
Skillful  workmanship  required,  369. 
Sleeves,  pipe,  479,  48^- 
Slope,  earth  u  ork.  344.  345. 

**      of  channels,  3o»,  307,  306,  310,  399. 

**      paving,  348,  354»  355.  35&1  358, 

"      puddled,  35». 

**  **       embankment,  356, 

Slopes,  velocities  for  giveOf  «s8. 
Sluice  areas.  360, 

**     apertures,  coelScients  for,  aot,  aoa,  ao3, 
305,  906. 

*'      gate  areas,  35^, 

'*      temporary  slbf»-gate,  359* 

*'      tunneled,  embanlnrkent,  356,  358. 

**      valves,  Iron,  160,  364. 
Sluices,  flow  through,  aoos  «oi,  aoj,  305,  *'^ 

'•       high  and  low,  204. 
varying  head  on,  so4« 
Smith's  (A .  F.)  adjust)! ble  pit»e,  364- 
Soils  heneaih  erabookinent;*,  337. 

"    evaporation  from,  110. 
Solutions,  org;inic,  533. 
**         in  water,  iia* 
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Sprtngs  and  welLs  loa. 

**       "        **     supplying  capacity  of,  jio. 
**      mineral,  141. 
**      under  embankments,  337. 
•*  **     waters,  141. 

Suble  use  of  water,  34. 
Stand-pipe  foundations,  586. 

*'         materials,  500,  594,  595,  596,  597, 6ox. 
Stand-pipes,  526,  564,  585,  60a,  638. 

**  exposed,  ix.,  585,  598,  599,  628. 

**  moments  of  resistance,  588,  589. 

**  overturning  tendency,  588. 

"  pressures  in,  593. 

"  "         on,  599. 

*'  stabilities,  589,  597. 

**  Tank,  ix.,  585,  ftaJB. 

*^  wind  strains  on,  587. 

Static  pressures  in  pipes,  446. 
Stones,  building,  strengths  of,  404. 
Stop-gates  in  conduits,  374,  436. 
Stop-valve,  CoflSn's,  493. 
**  curbs,  515. 

'*  EddyVsii. 

*'  Flower's,  493. 

**  Ludlow's,  514. 

**  sjrstero,  511. 

Stop-valves.  360,  374,  436,  491,  5",  5«3»  5M- 
Storage,  additional,  required.  98. 
''        basins,  percolation  from,  85. 
**  *'      substratas  of,  85. 

"        losses  of  water,  84. 
'*       of  water,  84. 

'*         *'       "      effect  of  evaporation  on,  93. 
"         '*       *'      influence  upon  continuous 

supply,  99. 
"         **       "      required,  95. 
*'       reservoir,  84,  87,  03,  95,  97,  loi,  338. 
**  '•         embanlcment,  553. 

*'  **         substrata,  85. 

**■  **         supply  to,  and  draught  from, 

Uble,  96. 
Storms,  great  rain,  61. 
Strata,  conditions,  146. 
Strains  on  stand-pipes.  590,  593,  599. 
Streams,  annual  flow  of,  77, 

"        available  annual  flow,  04. 
*'        estimate-  ol  flow,  65,  78. 
flashy  and  steaily,  71. 
pauRing,  296.  316.  3io,  322,  326. 
"        mean  monthly  flow  of.  70. 
"        minimum,  mean,  and  flood  flow,  75. 
'•         ordinary  flow  of,  So. 
"        ratio  of  monthly  flow,  76. 
Strength  of  cylindrical  cantilevers,  599,  600. 

*'         "  hollow  cylindrical  beajns,  600. 
Strengths  of  building  stones,  404. 
"  "  cylinders,  448.  593. 

''         "  metals,  451,  454. 
"         '•  riveted  joints,  591. 
'♦         *'  wrought  pi|)e  metals,  451,  486,  491. 
Sub-heads  compared,  253. 
Sub-mains,  diameters  of,  507. 
Submerged  orifices,  209. 
Subterranean  reservoirs,  105. 
'*  waters.  102. 

*•  watershed.  109. 

*♦  waters,  tem{>eratures  of.  126. 

'*  •'       uncertainties    ot    search 

for,  ic/'. 
Substrata  of  a  storage  basin.  85. 
Sudbury  river  rainfall  and  flow,  83a. 
Supply  main,  diameter  of,  50^), 

'•       to  and  draught  from  a  reservoir,  table, 

9^  97 
Supplying  capacity  of  watersheds,  94. 
Surcharged  pressure,  earth,  414,  416,  423. 
Surfaces,  pressure  of  water  upon,  391,  393. 
Surveys  for  storage  reservur,  347. 
Sources  of  water  supplies,  587. 


Symbols,  definitions  of,  235. 

Systems,  combined  reservoir  and  direct,  535. 

•*       of  water  supply,  603,  604. 

'*       **       **     distribution,  493, 505. 

'*       *'  rainfall,  47,  49»  50, 

T. 

(See  List  of  Tables,  page  xix.) 
Tank  materials.  590. 
"     stand-pipes,  ix..  585. 
*'  '*  Uck  of  stability  of,  587,  ^ 

598^  600. 
Temperatures,  artesian  well,  127. 

'*  of  deep  su  b-surfaoe  waters,  n6. 

*'  *'  filter  beds,  555. 

"  *'  water  in  |upes,  soa. 

Templets,  for  flange  bolt-holes,  460. 
Tenacities  of  wrought-pipe  metals,  431,  426, 

491. 
Tests  of  metal  plates,  590,  591. 

**      »•  pine  metals  47a,  590,  591. 
Testing  of  nydrometers,  335,  ^. 
Theory  of  flow  over  a  weir,  278,  aSo. 
Thicknesses  of  a  curved-face  wall,  422. 
**   dams,  table,  ^87. 
*'  *•  pipes,  formulas,   448,  430,  46^. 

485.  486,  487. 
**  stond-pipc  sheets,  595,  596,  597, 
60T. 
"         **  walls  for  water-oressure,  399. 
"  "  wrought-pipe  soells,  447,  486, 

488,  495i  597*  60X. 
Thompson  s  molecular  estimate,  x6a. 
Thrusts  of  a  conduit  arch,  437. 
Timber  weirs,  384. 

Transit,  use  in  gauging,  313,  318,  319. 
Transmission  of  pressures,  183. 
Traffic,  effect  upon  retaining  walls,  425. 
Trapezoidal  revetments,  table,  420. 
Treacherous  strata  beneath  embankments,  338. 
Trial  shafts,  at  embankment  sites,  336. 
Trigonometrical  equivalents,  618. 
Tube  gauge,  317.  321. 
Tubes,  coeflacients  of  flow,  217,  2x9,  220. 
*'      compound.  220. 

"      exi>eriments  with  short,  217,  219,  220. 
'•      short,  213.  215,  218,  220. 
Tubercles,  in  pipes,  247,  248. 
Turbine  water-wheels,  559,  585.  593,  597. 
Turned  pipe-joints,  458. 
Type  curves  of  rainfall,  55,  57,  59. 

U. 

Uniform  effect  of  natural  laws,  61. 
Union  of  high  and  low  services,  524. 
Units  of  heat  utilize*!.  578. 
Use  of  water  increasing.  39. 

V. 

Vacuum,  ajutage,  214. 

"         imperfect,  short  tubes,  ais. 
"         rise  of  water  into,  182, 
*•         tendency  to  in  compound  tubes,  221. 
under  a  weir  crest,  292. 
Values  of  r  ,  271. 

'•      "A  and  A',  table,  264. 

*•  pumping  enj»ines  compared,  583. 
"      "  water  supplies  as  investments,  29. 
Valves,  air,  523. 

'•       blow-off,  513. 
"       Cornish,  569,  570. 
"       check,  525. 
curbs.  515. 
"       disk,  571. 

double  beat,  5f<9.  570. 
"      flap,  508. 
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Valres,  iron  sluice,  360.  364. 
"      pis  on,  569. 
'*      power  Fequired  to  open.  ^i.  ^fE^. 

•'       pump,  55ti.  56 3,  5^  ^S.  ^  57A.  571. 
*•       btop,  t64,  493,  51 1,  513,  514. 
**  '^    Indiratiir.  361. 

*•  **    system,  511. 

**    ^-aste.  513. 
Vanne  conduit.  436. 
Vapory  elements,  the,  45. 
Variable  flow  through  pumps.  559. 
Varnishes  fur  iron,  474.  ^76.  4S9I 
V^^etal  erowth  in  filter  beds,  555. 
Veceuble  organic  impurities,  laS. 
Velocity,  conversion  mto  pressure,  aaj. 
**        equation,  modificatioc  of.  370. 
"        formula  .'or,  240,  250. 
*'         Ibrmulas  foi  pipes,  340.  350,  252,  354, 
aS9»  a63,  266.  267,  2e«,  270.  273. 
Velocities  in  canals  and  channels,  303.  307, 308. 
,r  ,  3'?t3".  3M;  ?«8,  720.  325.  726.  330.  371,  373. 
\  elocities  for  riven  sloiies,  table.  259. 
of  falling  bo<lies,  table.  190. 
'*  flow  m  pipes,  2^6,  243.  249.  254. 
"         "  given  films  in  channels.  311. 
"        ratios  of  stirfacc*  to  mean,  315. 
**         relative,  due  to  different  depths  in 

channels,  338. 
**        surface  in  channels,  313. 
"        theoretical  tabic,  190. 
Vermin  in  canal  banks,  371. 
Vertical  shifting  of  water.  365, 
\[ir^inia  City,  wrought-iron  pi[)e,  489. 
\Vnds  of  earths  and  rocks,  103. 
Volume  delivered  by  pipes,  table,  495. 

ol  efflux  from  an  orifice.  194.  209. 
**      •*      "      formula  for,  196. 
"  hydrant  streams.  585. 
**      flood  inversely  as   the  area  of   the 
basin,  65. 
Volumes,  formulas,  for  flood,  6^ 

*'        flood,  from  watersheds,  381. 
"        relative,  due  to  diff^erent  depths  in 
channeU.  328. 
of  given  rainfalls,  62. 
••       for  given  depth  u|)on  weirs,  390. 
*'        from  waste  weirs,  table,  380. 

W. 

Walls,  back  batters  of,  432. 

**      chamber.  369. 

**      counterfurtra,  437. 

"      curved  face,  table.  422. 

**      earth  pressure  against,  408, 4x0, 412, 413, 
4»5.  416. 

•'      elem  .nts  of  failure,  437. 

*•      end  supports  ot.  439. 

•*      front  batters  of,  434. 

**      formula  of  thickness  for  water  pressure. 
399- 

•*      foundations  of,  395,  406,  407. 

**      leverage  resistance  of,  40a. 

*'      limiting  pressures  in,  404. 

**      of  con.-rete,  439,  430. 

**      i)rofiles  of,  407. 

retaining,  39a  393,  397,  390, 40^,  417,  43',. 
4as  f26. 

**      to  retain  water,  table,  ^n. 

"      **  sustain  traffic.  435. 

**      top  breadths.  434. 

"      wharf.  436. 
Waste  i»ipe«i,  embankment.  357, 

"     sluice,  ••  33^. 

••     valves,  511. 

•*     weir  aprons,  383. 
"    ballast,  if/. 

**         **    cans.  187 

"         *•    fOfmt£ta,  37r^ 


Wa«e  me:r  Toli;me<,  tabk'.  ,;SkV 
-     weirs,  37-.  5?  \  ^dtv  3*"*. 

i.:wthaT>:e*  over,  3**. 
-       c^Abci  o:  ;oc  ihi.  ;^^ 
•*       forms  Ol.  3^ a. 

Jeng-  h<  lor  cucr.  \\«tcntlM^3^i, 
iL.cVncj«^  u(^.  >-7, 
Water,  analyses  of  |>iUaMc,  ti-. 

characteTistiosiH.  113.  15^  in, 
choice  of,  605, 
•*      darificaticn  of.  530. 
commercial  use  i4,  34. 
ix>mprcs>ibility  andelastHily  t<  ir-. 
••      consumption  of,  34.  5n\^ 
crA-^talllne  forms  of.  it;, 
dmnestic  use,  34. 
**      engine,  ji^o. 

evaixiration  from,  ^,  ^ 
**      ex|ansion  of,  1C4,  itc. 

flow  of.  184.  104' 

**      force  of  tailing,  38^. 
•*      hose,  use  «»f.  34. 
j         **      imprririiaiions.  ita,  141. 
**      tmpuruies.  ii3,  141. 
*•      molecular  actions,  168.  I '». 
physit  UvU  al  oftii-e  of,  j,;. 
"  '»  cirtTtoltholmpuriUcftol, 

114. 
Water  pipes,  orKnnisms  in.  139.  133. 
''      plant  an»l  insect  aRciuTcs  in,  147. 
**      pressure  leverage  ol.  307. 
*'  '*       upon  surlMces,   l^8,  176,  391, 

**  pumpm^:  «•',  1.S7. 

*•  mrity  of  rleur.  s^o. 

"  ratios  »>t  vniml»U-  tlow.  ^f»4. 

'*  relative  voluuiesuiul  leiii|>eratures,  i6fi. 

"  river,  151. 

*'  Hanit.try  oflicc  of.  ,<». 

'*  solvent  poweis  of,  113. 

"  spring,  141. 

*'  storage  ol,  H4. 

*'  subterntneiin,  i.>3. 

*'  sugar  le*<t    f  (|mili(v.  ».vj. 

'•  supplieil,  u.  IS.  \f\  .17. ,»«,  4'^- 

**  Mup|)lit>H,  ({atlierinK  hihi  drlivrry,  58^1. 

*'  Nuj)|)lies,  iiHideiilHl  advantages  of^'V* 
*'  **        nc'<'CM».ltli'«  of,  vs. 

**  supply,  Kruvitv,  <</■. 
"  *'        |>erMiMnrncc  ol,  u.j. 

*'  "        svHii'in*  ol,  fi(H. 

**  the  roin|KislMoi)  of,  n*. 
vertiial  diaiitfcH  in,  \f'^» 

**  volumes  and  welehtt.  ifthli*,  ni,  fri4, 

'*  wiiH'e.  14. 

**  wcttflit  ol  (  on«)lltiirrtm.  I'-i. 

''  "       |>rr«iHNrf  und  nioilnn  nf,  ir>t 

"  wril,  r  vt 

*'  wIiitIs.  -Vi.  ',/'i. 

'•  work*i,  MmnlfiMtloM  mI,   hi 

"  titxu  in  iMpro,  n'; 

•■  «h»''ls.    71.     ffiri. 

"  ••       rioM«|  v'lliMMf  ,  '  •    «  ^  '  "    •  .,  'f", 

'.'■■■,    :''•' 
H'.W  fio.n.  .,'.. 

Sfl|rf>lvlM(«    »  »\'»'  ll\    "f     'll 
•*  ■'  W.I    t'      .V«  If   .    ri-'|lll(l)l,    t"l 

WV'ighl-.  <irid  m«  UMifi  h,  mh  Mi-  ,  '-ii 
I    ViVi'  'A\>f'ti\.  //'/ 

"  I  yt\fi^  I'f-  '»llli<:,  :■ ' .  !'•/ 
'■  tr^  Uf  ,i  nf-..  ■*•'•,  '  '■  I  •  I' 
'■      t  rf-J  .,   */■:.  •*'/»,  -I  I 

l^nnvittV    It. 
'        ..:.,i.,U,   :/, 
W*•tr^    /f«  :»  //ififfii' H'.ri", 


'.iffi'  II  I'ffi  •  >•! 
fhv  li»rt''- 


.,>t  m.r. .   ■■,  .1. ,.   ... 


644 


INDEX. 


Wei 


Weil 


rs,  expeiiments  wilh  large,  384. 

forms  of,  277,  386,  387. 

fonnula  lor  wide-crested.  203. 
"        '*    depth  upon,  a86,  287. 

formulas,  282,  283,  284,  286. 

gratiui{s  m  Iront  ot,  292. 

Djok-gttuge  for,  297. 

initial  velocity  ot  approach  to,  285,  299. 

is'jiitieJ  waste,  383. 

m'jasurin<(,  277,  295. 

rule  Rauge  for,  29^. 

stability  of,  279,  386,  387. 

tall-water  of,  292. 

thickness  of  waste,  386,  387. 

triangular  notch,  394,  295. 

tube  and  scale-gauge  for,  398. 

timber,  384. 

varying  lengths,  279. 

volumes,  formulas  for,  282,  283,  284, 
286,  287,  253. 

waste,  337,  383,  386,  387. 

wide-cresc?d,  293. 
ight,  a  line  a  measure  of,  173. 

'*  a  mABSiir^  rtf  f%r»uatir«»     t 


a  measure  of  pressure,  173. 
'      •  "  able, 


and  volume  of  water,  tal 
leverage  of  masonry,  398. 
of  pond-water,  167. 
Weights  of  cast  pipes,  465,  468,  469. 


166 


W^elghts  of  embankment  materials,  341,  34a, 

"       "  molecules,  168. 
Well,  intercepting,  546. 

*'     water,  139. 

**      waters,  analyses  of,  121. 
Wells  and  springs,  102,  no. 

**     condition  ot  overflowing,  107. 

**     fouling  of  old,  140. 

**     influence  upon  each  other,  107. 

**     impurities  of  deep,  125. 

'*      location  lor,  139. 

**     water-sheds  ot,  xc8. 
Western  rain  system,  47. 
Wharf,  cap-log,  426. 

**       fender  and  belay  piles,  427. 

*'       walls,  426. 
Wind  leverage  on  Unks^  588,  589,  598,  599. 

^'      strains  on  stand-pipes,  587. 
Winds,  destructive  actions.  586,  587. 

resultant  on  curved  surface,  587. 
Wood  pipes,  491. 
Woltmann's  tachometer,  322. 
Workmanship,  skilKul,  369. 
Wrought-iron  pipes.  479. 

;•     pipe  joint,  cast,  483    .  ^ 
*'  ^'     plates,  gauges  and  weights,  488. 

Wyckoff''s  wood-pipe,  491. 


